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ELDOM is one privileged to present to 

his colleagues the philosophy he has 
developed during twenty-five years of radi- 
ologic practice and to discuss the future of 
radiology. Many of the Presidential Ad- 
dresses of my distinguished predecessors 
dealt with measures for establishing radi- 
ology as the clinical practice of medicine 
and pointed out that the best radiologists 
are necessarily well informed clinicians. 
Largely due to their efforts and far-sighted 
leadership and to other radiologists of simi- 
lar vision, our specialty is now acknowl- 
edged as the clinical practice of medicine. 
This was a singular achievement since this 
recognition had to be won first from our 
medical confreres and has only recently 
been confirmed in a court of law where it 
was decided that we were not hospital em- 
ployees. 

Radiology has reached the position where 
this principle is being established in the 
minds of the public who is starting to dis- 
tinguish us from those who render techni- 
cal medical service. Not even our neighbors, 
our fellow churchgoers, our brother Ro- 


tarians and probably not even our banker 
fully understand what we are doing. This 
failure to know our work as they do that of 
the surgeon, obstetrician, pediatrician and 
internist is the result of a fundamental de- 
ficiency—the failure of the radiologist to 
meet and to know the patient—a failure 
which we are beginning to recognize and 
overcome with the emergence of the clinical 
radiologist. This has not been a failure of 
commission or omission, but a natural oc- 
currence in the evolution of radiology. 

In the beginning, the pioneer radiologists 
had to impress their colleagues that perti- 
nent information could be obtained from 
an interpretation of the shadows on the 
films alone—that this new method was of 
diagnostic value. In time it achieved clini- 
cal acceptance through brilliant advances 
by our members and by others as they ap- 
plied it to all areas of the human body. 
Simultaneously, scientists, physicists and 
manufacturers were making contributions 
in the improvement of equipment, in do- 
simetry and in radiologic techniques. 

With these developments came an ever 


* From the Department of Radiology, Washington University Schoo] of Medicine, St. Louis, Missouri. Presented at the Annua' 
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increasing demand for radiologic services. 
In meeting it, the small number of radiolo- 
gists scarcely had time to do the necessary 
fluoroscopy, interpret the films and keep up 
with the therapy. This huge work load had 
to be carried on by only a few hundred 
radiologists and later by but a few thou- 
sand. 

With time at such a premium, it is little 
wonder that radiology grew up without 
radiologists interviewing the patients and 
requesting the referring physician to give 
them the clinical data. This arrangement 
was not efficient and certainly was an in- 
adequate means of gathering information 
about the patient. Very few radiologists, 
if any, were satisfied with this patient- 
physician relationship and many began 
devising ways of improving it. 

From this effort emerged the clinical 
radiologist whose distinguishing feature is 
that he assumes the responsibility for get- 
ting his own information about the patient. 
He goes about this as any physician does— 
first, by interviewing the patient; second, 
by reviewing the hospital record; and third, 
by directly communicating with the refer- 
ring physician when indicated. This applies 
to all patients who come to his office or to 
his department in the hospital. For most 
patients, it takes little more than an intro- 
duction and a few words to elicit their chief 
complaints. When this is done, the patient 
knows that he has been seen by a physician 
and that he is going to have a medical ex- 
amination. The radiologist has used the 
professional approach in which all physi- 
cians are trained. The patient realizes that 
the radiologist is a physician and that he 
has been introduced to the specialty of 
radiology. 

This contact gives the radiologist the ad- 
vantage of knowing what the patient looks 
like and of obtaining first-hand informa- 
tion concerning his medical problems—in- 
formation that can improve the quality of 
the consultation with the referring physi- 
cian. It also eliminates the criticism by the 
medical profession that we “don’t see pa- 
tients.”” The recent Attitude Survey by 
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the American College of Radiology points 
out that a chief reason why more interns 
do not choose to specialize in radiology is 
the lack of a sound patient-doctor relation- 
ship. 

Most of us will agree that an interview 
with the patient is desirable and may ask 
how it can be done. The answer, of course, 
is more radiologists per one hundred of ex- 
aminations. Fortunately, today there is a 
good supply of radiologists, and more are in 
training. In the departments in the hospi- 
tals the radiologists cannot see every pa- 
tient, but their associates and residents 
can. It is being done in most of the major 
medical centers today. In my opinion, the 
growing number of clinical radiologists 
and their staffs are influencing our relation- 
ships with hospital administrations because 
the utilization of sufficient radiologists to 
give this type of radiologic service requires 
a larger financial budget for medical per- 
sonnel. This helps to eliminate surplus 
funds that accrue in professionally under- 
staffed departments. When such funds ac- 
cumulate, they become a focal point of in- 
terest of hospital administrators and form 
the basis of many conflicts between radi- 
ologists and hospitals. The advantages ac- 
cruing to the hospitals from clinical radi- 
ologists are that they increase the volume 
of work, enhance the medical stature of the 
hospital and provide the patient with bet- 
ter diagnostic and therapeutic radiology. 

In his development, the clinical radiolo- 
gist must obtain certification in the use of 
radioactive materials. Hospital administra- 
tors need a full time member of the medical 
staff who will be responsible for the hand- 
ling and distribution of radioactive isotopes 
in accord with the policies determined by 
the Isotope Committee. To acquire this ex- 
perience may mean another year of train- 
ing and, if so, part of it could be devoted 
to supervoltage therapy. The value of 
supervoltage irradiation is now well estab- 
lished and the young radiologist must be 
competent to use it. 

In the management of patients with ad- 
vanced cancer, the clinical radiologist must 
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be well grounded in the use of hormones. 
He must be competent to prescribe not 
only drugs for the relief of pain, but also 
those for the control of tensions and emo- 
tions. 

The role of the clinical radiologist was 
considerably enhanced with the introduc- 
tion of new and safer contrast materials be- 
cause with them came more difficult, com- 
plex and hazardous examinations for which 
he assumed greater responsibility. The 
radiologist was no longer a bystander while 
other specialists performed the examina- 
tion. He now participated on an equal foot- 
ing with his colleagues and shared equally 
in the success or failure of the examination. 
Actually, the complexity of many of the ex- 
aminations requires a team of medical 
specialists. With changes in staff appoint- 
ments and with the continuous rotation of 
interns and residents, the radiologist should 
be the permanent hub about whom the 
others revolve. This is especially true in the 
angiographic procedures, be they cardiac, 
cerebral, abdominal or peripheral, for he is 
the only member common to the different 
teams of specialists. In my experience, as 
soon as he demonstrates a superior knowl- 
edge about a diagnostic procedure such as 
pneumoencephalography, myelography or 
hysterosalpingography, the consulting phy- 
sician will shift the responsibility and per- 
formance of the examination to him. 
Where a dozen examinations of a particu- 
lar type are performed by one specialty, 
the radiologist will do another dozen with 
related specialties and several dozen with 
different individual specialists. Thus, from 
continuous application, the radiologist 
stands to gain a fund of knowledge and 
depth of experience that few physicians 
can hope to attain. With the rising im- 
portance of his position, the clinical radi- 
ologist will gradually assume more responsi- 
bility, not only in the performance of ex- 
aminations, but also in evaluating the 
anticipated results as weighed against the 
radiation exposure. 

Today a difficult task faces the clinical 
radiologist—that of minimizing ionizing 
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radiation to the gonads. The arrival of the 
“Atomic Age” has emphasized the deleteri- 
ous effects of radiations on the gonads. It 
was not until the hazard of “fallout radia- 
tion” from atomic weapons was recognized 
that serious consideration was given to the 
increment induced from the medical use of 
roentgen rays. 

In discussing this problem, let us keep in 
mind that no single discovery in the history 
of medicine has succeeded in helping so 
many people with harm to so few as has 
been the incorporation of diagnostic radi- 
ology into the practice of medicine. With it 
came the elimination of guesswork for 
countless diagnoses, the avoidance of most 
exploratory operations, the advantage of 
being able to follow the ravages of infec- 
tions, the opportunity of studying the prog- 
ress of recovery from disease, and the 
ability to detect disease and tumors in the 
early stages. Without diagnostic radiology, 
medicine today would descend behind an 
“impenetrable curtain.” 

No one wants to do away with diagnostic 
radiology. The need is to see that it is 
used when really indicated; performed 
by trained physicians and the gonads 
shielded in the younger age groups. It 
is the unnecessary examination and those 
poorly performed by physicians and others 
who have received no radiologic training 
that are to be condemned. There are 
no legislative requirements or even self- 
imposed standards of minimal radiologic 
training in the medical profession to deter- 
mine those who may be competent to use 
roentgen rays. The radiologist is the only 
physician with three additional years of 
formal training and who must pass exami- 
nations by the American Board of Radi- 
ology before he is certified to practice radi- 
ology. 

For example, there is a small group of 
physicians in the various specialties who, 
after a few months or possibly a year of 
training, set up offices and proceed to do all 
types of diagnostic roentgenographic ex- 
aminations. To ease the payments on the 
machine and the expenses incident to its 
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operation, they soon invite one, two or even 
half a dozen other physicians to use their 
equipment, although none of the others had 
any radiologic training. In most instances, 
radiation protection to personnel and occu- 
pants of neighboring offices afforded by 
monitoring and barriers is nonexistent. The 
setup is one for increasing income, rather 
than for increasing service to the patient 
and providing better diagnostic examina- 
tions. This situation can be obviated by 
eliminating short training periods in de- 
partments of radiology. 

Another abuse that occurs too frequently 
is the purchase of roentgen-ray equipment 
by untrained physicians who are enticed 
by advertisements and salesmen extolling 
the earning power and the simplicity of the 
operation of machines that require only the 
“turn of a knob” to roentgenograph any 
part of the body. The manufacturers are 
not restricted as to whom or for what pur- 
pose they may sell their equipment. They 
are not yet restrained by legislative codes 
that enforce the construction of adequate 
radiation barriers in the walls and floors of 
rooms surrounding roentgen-ray machines. 
While most manufacturers and dealers 
conscientiously recommend or even insist 
on radiation barriers, there are still too 
many machines being installed without 
them. This is done because the added ex- 
pense and construction problems for bar- 
riers would make the sale prohibitive—a 
situation which results in needless exposure 
to personnel and people in adjacent space. 

One of the largest sources of unnecessary 
radiation to the gonads is the routine 
fluoroscopy of small children and particu- 
larly of infants by some physicians and 
pediatricians. In fluoroscoping an infant, it 
is difficult to avoid exposure to the gonads 
because of the small size of the patient and, 
consequently, they are hit by the direct 
beam. To appreciate the amount of radia- 
tion that can be given, one has only to 
remember that one minute of continuous 
fluoroscopy produces the same radiation 
dosage as 600 chest roentgenograms! All of 
us in the medical profession must avoid in- 
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discriminate and careless use of the fluoro. 
scope. 

In this connection, the routine pelvimet- 
ric examinations of pregnant women should 
be reduced to only the most urgent indica- 
tions as in this procedure not only are the 
maternal gonads irradiated, but the fetus 
also receives total body irradiation. There 
are other roentgenographic techniques that 
have to be re-evaluated on the basis of the 
importance of the information to be gained 
as compared to the radiation exposure. 

Medical exposure to radiation can be 
further reduced by opposing health insur- 
ance plans that promote unnecessary roent- 
genologic examinations by encouraging un- 
trained physicians to take roentgenograms 
equal in cost to the amount provided by the 
policy. I do not need to tell you that such 
plans exist which pay up to $25.00 per year 
for diagnostic roentgenologic examinations 
performed by any physician and that many 
policy holders receive $2 5.00 worth of radi- 
ation each year. This can be remedied by 
encouraging health insurance plans of the 
deductible type in which the patient must 
pay the first $25.00 in charges for roent- 
genologic studies. 

The clinical radiologist can render medi- 
cine a distinct service by accepting the chal- 
lenge to eradicate the unnecessary, the 
careless and the unscrupulous use of roent- 
genologic examinations and to bring them 
to light. They are as reprehensible as fee- 
splitting and can be eliminated by the same 
courageous action by the medical profes- 
sion that weeded out that nefarious prac- 
tice. 

As radiologists we have done fairly well 
in shielding our patients, our personnel, 
our neighbors and ourselves from the 
somatic effects of radiation, but not as 
well as we should have done. There are 
still too many departments and _ offices 
without radiation monitoring devices, too 
many in which fluoroscopy is overdone, 
and too many in which the diagnostic ma- 
chines are not calibrated for output. 

We are far more conscious of our faults 
and are working to correct them, but we 
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must work harder and faster. For years we 
have kept down radiation exposure to our 
patients by adequately filtering the roent- 
gen-ray beam by diaphragming the beam 
to the smallest dimension consistent with 
the part to be examined, by minimizing 
fluoroscopy and substituting roentgenog- 
raphy whenever possible, and by utilizing 
up-to-date equipment with built-in protec- 
tive features. However, we must be more 
efficient and meticulous in doing this. We 
have been slow to develop radiation protec- 
tive devices for sheltering the gonads in 
adults thirty years of age and under and 
especially in children and infants. These 
are being developed, but it takes time to 
perfect them for general usage. 

The radiologists, the radiation physi- 
cists, and the radiobiologists working to- 
gether through their national organizations 
have provided the leadership for making 
recommendations for minimizing radiation 
exposure for medical purposes. These 
groups have the experience, the training 
and are the best equipped to supply sound 
advice. Recommendations should not come 
from headline seekers, professional do- 
gooders or advertising self-styled consul- 
tants in radiation. They should continue to 
be an orderly dissemination emanating 
from authoritative organizations that have 
been working with these problems for 
years; such as the International Commis- 
sion on Radiation Protection, The Na- 
tional Committee on Radiation Protection, 
the American College of Radiology, The 
Committee on Radiology of the National 
Research Council, The American Roentgen 
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Ray Society, the Radiological Society of 
North America, and the American Radium 
Society. To this end the Commission on 
Units, Standards and Protection of the 
American College of Radiology is prepar- 
ing a booklet on radiation problems for dis- 
tribution to all members of the medical and 
allied professions. Similarly, the Commit- 
tee on Radiology of the National Research 
Council, together with the American Col- 
lege of Radiology, is working on plans for 
a closed-circuit television program and on 
how to keep radiation exposure to a mini- 
mum. Organized radiology is not inactive. 
Neither are we defiant. We are meeting the 
problem with more efficient techniques and 
bringing to light abuses in the indications 
for and in the performance of roentgeno- 
logic examinations. 

In concluding, we may say that in the 
Atomic Age the radiologists have assumed 
the responsibility of working more assidu- 
ously to minimize radiation exposure, 
that they will continue the leadership in 
distributing authoritative radiologic infor- 
mation, that the emergence of the clinical 
radiologist is a forward step, and that radi- 
ology has a solid future. At least these are 
my humble opinions. I should like to close 
with a quotation on opinions by the poet, 
Milton, who wrote, “When there is much 
desire to learn, there of necessity will be 
much argument, much writing; many 
opinions; for opinions in good men is but 
knowledge in the making.” 
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RADIATION HAZARDS AND WHAT IS BEING 
DONE ABOUT THEM 
A SYMPOSIUM* 


INTRODUCTION AND STATEMENT OF PROBLEM 


By EDITH H. QUIMBY, Sc.D. 
College of Physicians and Surgeons, Columbia University 
NEW YORK, NEW YORK 


O MUCH has been written and said re- 

cently about the dangers from radiation 
that in some quarters confusion has re- 
sulted. The effect on an appreciable num- 
ber of individuals has been to frighten them 
to the point where they refuse even very 
desirable roentgenologic examinations. The 
really tremendous difference between the 
somatic damage to the exposed individual 
and the possible genetic damage to the race 
has not been made clear, so that people be- 
yond the child-bearing age object to dental 
roentgenograms or to roentgen examina- 
tions of broken bones. They do not know 
what they are afraid of—they are just 
afraid. 

The radiologist, who is quite well aware 
that he is working with a dangerous tool, is 
likely to be impatient with this attitude. It 
is traditional that the patient must have 
confidence in his physician—or get another 
physician. Unreasoning fears are hard to 
deal with, and the radiologist feels that he 
is too busy to spend hours explaining; he 
may believe that reassurance should be 
enough. 

On the other hand, he may think, in view 
of all the recent discussions regarding so- 
matic and genetic damage, maximum per- 
missible doses in controlled and uncon- 
trolled areas, and so on, that he himself 
would like some reassurance that he is do- 
ing the right thing, or some instruction as 
to what to do if his procedures need im- 
provement. He would like to give intelli- 
gent answers to intelligent questions, and 
at present he cannot go to a book some- 


where and find the facts set down in an un- 
equivocal manner. 

Furthermore, over and above the un- 
reasoning fears of partially informed pa- 
tients, the radiologist encounters a very 
real and growing interest on the part of his 
colleagues and among his non-medical as- 
sociates, as to what this radiation hazard 
talk is all about. He is naturally expected to 
know; it is in his field. He is asked to ex- 
plain it to medical groups, to hospital ad- 
ministrators, to various civic organizations. 
These different backgrounds may require 
somewhat different approaches to the ma- 
terial, but the basic facts are the same for 
everyone. 

The present symposium has been ar- 
ranged with the idea of summarizing for 
radiologists the present state of our knowl- 
edge with regard to radiation hazards both 
to the individual and to the race, and our 
plans to keep these at a minimum. Roent- 
gen rays and radioactive isotopes are ex- 
tremely valuable medical tools; their worth 
must never be lost sight of in any considera- 
tion of their harmful effects. Both in the in- 
dividual case and for the whole population, 
the good must be weighed against the bad. 

We now know a good deal about the ef- 
fects of radiation on individuals exposed to 
various amounts of it. Dose levels have 
been established below which no effect is ex- 
pected to be observed in the person irradi- 
ated, and it is possible to maintain radia- 
tion exposures below these levels for work- 
ers and for patients undergoing diagnostic 
procedures. Much less is known of possible 


* Presented at the Fifty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., October 1-4, 1957. 
The papers of Gioacchino Failla, Sc.D., Bentley Glass, Ph.D., John S. Laughlin, Ph.D., Lauriston S. Taylor, Ph.D., Carl B. Brae- 
strup, B.S., P.E., Robert S. Stone, M.D., and Richard H. Chamberlain, M.D., which follow, are part of this symposium. 
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genetic hazards, but it is believed that there 
is no lower limit for the production of gene 
mutation. It is not possible for anyone to 
avoid all radiation; cosmic and earth radia- 
tions are inescapable. It, therefore, be- 
comes a problem to determine what level 
greater than these can be considered as not 
affording a serious risk for the population 
as a whole. In this connection it must be 
constantly kept in mind that it is not the 
radiation received by any one individual 
that is important, but the average to the en- 
tire part of the population between conception 
and the end of child-bearing. In this matter, 
radiation received by older people is of no 
consequence whatever. And it may be very 
important for future generations that some 
individuals have their troubles correctly 
diagnosed and treated, even at the cost of 
considerable radiation to themselves. In 
the average this will be completely diluted 
out. 

Each speaker in this symposium is a spe- 
cialist in his own field. Each has had to doa 
great deal of selecting and condensing of his 
material in order to fit what he considers 
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important into a brief presentation. It is 
obvious that the symposium cannot supply 
exhaustive information on all aspects of 
the problems of radiation hazards, but it 
should furnish basic data and point the 
way to a broad general understanding of 
the subject. 

The first two talks will present the fun- 
damental situations for the irradiated indi- 
vidual and for the population as a whole, 
pointing out the distinction between the 
somatic and genetic problems. The next 
two speakers will deal with exposures in cur- 
rent diagnostic procedures, and how these 
may be lessened. Then, since it has been 
found that long-continued exposure to low 
levels of radiation lessens the life span, the 
next speaker will look at this subject in re- 
lation to past and present safety practices. 
This will be followed by a realistic survey of 
the clinical safety problem. Finally, the 
high points of each presentation will be 
brought out in a general summary. 

College of Physicians and Surgeons 


Columbia University 


New York, New York 


| 


DECEMBER, 1957 


THE SHORTENING OF LIFE BY CHRONIC 
WHOLE-BODY IRRADIATION* 


By G. FAILLA and PATRICIA McCLEMENT 


NEW YORK, NEW YORK 


OST of the information on life shorten- 

ing by irradiation has been derived 
from experiments in which animals have 
been exposed acutely or intermittently to 
rather large doses, or have been irradiated 
chronically at fairly high dose rates. In all 
cases in which the daily dose has been less 
than 0.5 r, no statistically significant life 
shortening can be determined because of 
the small number of animals used. How- 
ever, by making certain assumptions and 
using experimental data obtained at the 
higher exposure levels, mathematical rela- 
tionships have been derived that permit the 
calculation of the life shortening to be 
expected in man from whole-body expo- 
sure at a given dose rate or with a given 
total dose. The figure most widely quoted 
is that 1 r shortens man’s life by fifteen 
days,t according to calculations made by 
Hardin B. Jones.‘ 

Dublin and Spiegelman® in their study 
of the mortality of medical specialists dur- 
ing the period 1938—1942 found that the 
mortality rate (from all causes) for radiol- 
ogists was lower than that for all physi- 
cians but somewhat higher than that for all 
specialists combined. The mortality rate 
from cancer (especially leukemia) for radi- 
ologists was distinctly higher than for non- 
specialists. From this it may be surmised 
that the life expectancy for radiologists 
may be slightly lower than for all medical 
specialists combined, principally because 
of the higher cancer ‘incidence, but never- 
theless it is higher than that of all physi- 
cians taken together. A recent survey made 
by Shields Warren’ shows that the mean 
age at death for radiologists who died be- 
tween 1930 and 1954 was 60.5 years as 


+ The extreme limits set by Jones are one to thirty days per r. 


compared to 65.7 years for other physicians 
having no known contact with radiation. 
The accumulated doses received by these 
radiologists in the exercise of their profes- 
sion are estimated to vary from rather low 
values to about 1,000 r. However, Lewis° 
has pointed out that if account is taken of 
the age distributions of these radiologists 
and the physicians with whom they were 
compared, a difference of at least six years 
would be expected on this basis alone. That 
is, radiologists may have a slightly longer 
lifespan than physicians as a whole, as indi- 
cated in Dublin and Spiegelman’s study. 
Assuming that the average radiologist of 
that period received a whole-body dose 
of 500 r in thirty-five years (from age 
twenty-five to sixty)—which cannot be too 
far from the actual value—the life shorten- 
ing should have been 20.5 years on the 
basis of fifteen days per roentgen. 

Insofar as radiologists exposed at present 
permissible levels are concerned, the short- 
ening of life may well be assumed to be 
negligible. However, when the accumulated 
dose is much larger, there must be a 
shortening of life and it would be well to be 
able to predict its magnitude. To indicate 
the method by which this may be done, use 
will be made of the experimental data of 
Lorenz et a/.® on chronic irradiation of 
LAF; mice until death. The treatment of 
the data will be in terms of the Gompertz 
function used extensively by Jones.‘ This 
in fact has been done by Berlin and 
Dimaggio' and some of their numerical 
values will be used also. 

Study of the set of curves published by 
these authors shows that they are not in the 
proper relative positions. Assuming that 
the Gompertz function is applicable (which 


* Presented at the Fifty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D.C., October 1-4, 1957. Based 
on work performed under Contract AT-30-1-GEN-70 for the Atomic Energy Commission. 
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is reasonable), this must be attributed to 
the paucity of experimental data. The 
following procedure was used to try to 
overcome this difficulty. In order to plot 
the Gompertz curves for the different daily 
doses it is necessary to know the initial 
mortality rate, 7», for the group of animals 
used and m, the slope of the straight line 
on a semilogarithmic plot. These quantities 
are usually derived from the experimentally 
determined mortality curves. Since for each 
daily dose only about 50 animals were used, 
high accuracy cannot be expected. How- 
ever, if it is assumed a priori that the 
Gompertz function is applicable, the follow- 
ing mathematic relation may be used to 
calculate the slope m: 


I m 
S\j2=— In (140.693 
m 


To 
where 


Sij2= 50 per cent survival time 
m =the slope 
ro =initial mortality rate. 


The values of S,,;. experimentally deter- 
mined are given in Table 1. The value of ro 
was taken from Berlin and Dimaggio’s 
publication! as the average of the values 
given by them for the irradiated groups; 
that is, ro=1.31X10-* days—. 


TABLE I 


SURVIVAL IN LAF, MICE EXPOSED DAILY TO 
GAMMA RADIATION 


Si2*, Days 


Daily Dose, r 


703 + 23 
II 761+26 
I 684+ 20 
2 630+ 20 
4 Sot t16 
8 488+11 


* The So per cent survival time; that is, the time after begin- 
ning of exposure when one half of animals had died. 


To facilitate the calculation, a curve of 
Si/2 versus m was plotted from the above 
equation, assuming different values of m. 
Then the m’s corresponding to the experi- 
mentally determined S;,;2’s were read from 
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this curve. Since the slopes of the Gom- 
pertz curves should be linearly related to 
the daily doses, the values of m were plotted 
against daily doses and the best fitting 
straight line was drawn by inspection. 
From this, new values of m were obtained 
and from these m’s new values of 5/2 were 
read off the curve of the equation given 
above. This procedure served to average 
out errors and gave internally consistent 
values of S,,2 and m for the different daily 
doses. The final values are given in Table 
Il. 


Taste II 
; Ratio 
Daily Sy 
Dose Experi- 
Days Days Experi- 
mental 
mental 
fo) 4-45 720 703 1.02 
4-48 716 761 0.94 
4.83 678 684 0.99 
*2.2 §.22 643 630 1.02 
4-4 5.98 583 591 0.99 
8.8 7 494 1.01 


488 


The experimental values and the ratios 
are listed in the table for ready comparison 
to show that the changes brought about 
by the process of repeated adjustments are 
small. It might be mentioned in this con- 
nection that the survival curve for the con- 
trols in the experiment of Lorenz et a/.° is 
definitely out of line. For this reason the 
value of ro for the controls given by Berlin 
and Dimaggio! was not used for the present 
purpose. The Gompertz curves for differ- 
ent daily doses are shown in Figure 1. 
(The curve for 0.11 r/day is not included 
because it is very close to the one for the 
controls. ) 

It will be seen that each straight line 
represents the increase in mortality rate 
(fraction of the number of individuals of a 
certain age dying per day) as the animals 
get older. For the controls this represents 
the spontaneous aging rate. Exposure to 
radiation at a given dose rate (daily dose) 
increases the slope of the line and, there- 
fore, may be said to accelerate the aging 
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Fic. 1. Gompertz curves for mice. Mortality rate = 
fraction of mice alive at a given age dying per day. 
Exposure time=age of mice—age at start of ex- 
periment (about seventy days). 


process. If these curves represent the true 
situation, spontaneous aging and aging 
brought about by chronic exposure to 
radiation may be considered to be additive. 
It should then be possible to assign a 
fictitious dose rate of radiation to the 
spontaneous aging curve (controls). This 
may be done in the following manner. The 
equation for each curve is 


r=roe™ 
where 


ro =initial mortality rate 
e=base of natural logarithms 
m=slope of straight line 
r=mortality rate at time /. 


If we assign a fictitious dose rate of s 


r’/day to the control curve, the equa- 
tion becomes 


r=roer*' 
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where 
k=constant. 


Since application of the Gompertz function 
to the mortality of animals irradiated at 
constant dose rate requires that the slopes 
vary linearly with dose rate, and this was 
indeed the way in which the relative values 
of the slopes were derived from the experi- 
mental data, the general equation for all the 
curves Is 


r=rer ety 


where 


y =dose rate of applied radiation 
s=fictitious dose rate for spontanecus 
aging. 


This enables us to calculate s for the mice 
of Lorenz et a/.’s experiment. From the 
data in Table 


k= 3.48 X in units of r~! 
$=12.8 “r’’/day. 


This procedure may be justified in the 
following manner. In Table 111, Column 2, 
are given the exposure times for different 
daily doses (Column 1) for which the 
mortality rate is 0.01, as read from Figure 
1. The actual accumulated doses for these 
exposure times are given in Column 3. It 
will be seen that the accumulated dose for 
8.8 r/day is much higher (4.27 times) than 
for 1.1 r/day. This means that radiation 
delivered at the rate of 1.1 r/day is about 4 
times more effective than radiation de- 
livered at the rate of 8.8 r/day in changing 
the mortality rate of the mice from the 
initial value to 0.01; that is, in aging the 
animals. This is the reverse of what one 
would expect. However, if to the actual 
daily dose y is added a fictitious daily dose 
s of 12.8 “r’/day (Column 4) the total 
accumulated dose (Column 5) is the same 
for all daily doses. This, of course, is a 
mathematical trick, but it provides a 
simple way of taking into account spon- 
taneous aging. 

As pointed out by Jones,‘ the effect of 
exposure to radiation at a constant daily 
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Taste III 


I 2 4 4 5 


Accumu- 
Daily sure D 
Dose Time sty 
Dose Fictitious 
inr and 
Days Actual ‘‘r” 
° 976 fe) 12.8 12,500 
Pa 898 986 13.9 12,500 
832 1,828 15.0 12,500 
4-4 726 3,195 17.2 12,500 
8.8 578 4,215 21.6 


dose may be thought of as an increase in 
physiologic age as compared to chrono- 
logic age. Thus, from Figure 1, after mice 
have been irradiated at 8.8 r/day for 420 
days, the survivors have the physiologic 
age (r= 3 X10-*) of the controls at 710 days 
after the experiment was started. In other 
words, the irradiated mice have been aged 
by 710—420=290 days by an accumulated 
dose of 8.8420 = 3,700 r. Since in Figure 
1 the total accumulated dose (fictitious 
+ actual) is the same for any given value of 
the mortality rate 7, the increase in physio- 
logic age brought about by a given dose of 
radiation chronically administered may be 
determined simply by dividing the dose by 
12.8. Thus, in the above example the 
accumulated dose was. 3,700 r. Taking this 
as the fictitious dose accumulated by the 
controls at the rate of 12.8 “‘r’’/day, we find 
that it would take 3,700/12.8 = 289 days to 
do so, which is the difference between 
chronologic age and physiologic age found 
above. The difference is the same for the 
same accumulated dose, irrespective of the 
daily dose at which it is delivered, within 
the daily dose limits shown in Figure 1. 
Thus, with a daily dose of 4.4 r/day, it 
would take 840 days to deliver 3,700 r. At 
this time the mortality rate (for 4.4 r/day) 
would be 2X10~* and the corresponding 
time for the controls would be 1,130 days. 
The difference is again 1,130—840=2g90 
days. This may be shown analytically as 
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follows: For a given mortality rate r 
where 


t=exposure time 
t.=time for which mortality rate of con- 
trols is r 


and the other symbols are the same as 
before. 

This holds for any combination of y and 
t encompassed by the data of Figure 1. 
(The main point to bear in mind is that the 
highest dose rate used in the experiment 
was 8.8 r/day and it isnot known how much 
higher it could be and still conform with 
the relationships derived earlier.) Then the 
difference between chronologic age and 
physiologic age is 


Where Dace. =accumulated dose (at any 
dose rate not greater than 8.8 r/day). 

It is well known that the difference be- 
tween chronologic age and physiologic age 
is somewhat larger than the life shortening. 
However, the former has the great ad- 
vantage that to determine it, only the 
accumulated dose need be known—once 
the value of s has been determined. There- 
fore, it may well be used to determine the 
approximate life shortening. (It will be 
seen later that in the case of man a better 
procedure is available). 

From the foregoing it is evident that for 
most practical purposes the extrapolation 
from mouse to man requires only a Gom- 
pertz curve for normal aging and the 
determination of the fictitious dose rate 5s, 
applicable to the chronic whole-body irradi- 
ation of man. Considerable importance 
should be attached to the _ italicized 
words. In the experiment of Lorenz et a/.* 
the distribution of radiation was nearly 
uniform throughout the body, because of 
the small size of the animal and the high 
penetrating power of the radiation (radium 
gamma rays). Therefore, all organs received 
nearly the same dose and the life shorten- 


FOR MORTALITY RATE 7=0.O1 (LORENZ a/.’S MICE) 
Diss. 
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ing was due to the summation of the effects 
in all organs. In man the distribution of 
radiation may be quite non-uniform, in 
which case the effect of a dose, as usually 
measured, would be expected to be less than 
when the distribution is more nearly uni- 
form. 

Curve 4 in Figure 2 is a representative 
Gompertz curve for man. It is a straight 
line only after age thirty-two but for the 
present purpose it has been extended to age 
twenty. The dotted portion of the curve 
represents the true mortality rate ac- 
cording to age, from birth to age thirty-two. 
The “doubling time,” that is, the time re- 
quired to double the mortality rate in the 
straight line portion of the curve is 8.5 
years; hence, the slope is 


0.693 


=2.23X 10+ days“. 


m =8.15X10~? years"! 


The slope for the control mice was found 
to be 4.45 X10~* days~, which is 20 times 
greater than that for man. Therefore, 
these mice age 20 times more rapidly than 
man, per unit of time (per day). If the 
unit of time in Figure 1 is increased by a 
factor of 20 (in which case 200 days on the 
exposure time scale would correspond to 
4,000 days, etc.) the control curve would 
have the same slope as the Gompertz curve 
for the spontaneous aging of man. Or, in 
Figure 2 Curve 4 can be made to represent 
the curve for the control mice by changing 
the age scale by a factor of 20, so that 
twenty years would represent one year of 
the life of the mice after the beginning of 
the experiment; thirty years for man=1.5 
years for mouse, etc. This applies, of course, 
to the straight line portion of the curves. If 
we change the time scale for age, we should 
change it in the whole system in the same 
proportion. Whence the fictitious dose rate 
corresponding to normal aging in man 
should be 12.8 “‘r” per twenty days or 0.64 
“r’’ /day. Similarly, the aging effect of 1.1 
r/day on mice would correspond to the 
aging effect of 1.1/20=0.65 r/day on man, 
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Fic. 2. Gompertz curves for man. Mortality rate = 
fraction of individuals of a given age dying per 
year. Curve 4 represents spontaneous aging. If 


fictitious dose rate for A=0.64 “r’/day, Curve B 
corresponds to o.1 r/day, and Curve C corre- 
sponds to o.§ r/day. 


etc. On this basis, Curve B, Figure 2 repre- 
sents 0.1 r/day and Curve C represents 0.5 
r/day. 

Analytically, the problem may be treated 
as follows: First it should be noted that the 
Gompertz curve for man may be obtained 
from data compiled by the National Office 
of Vital Statistics and represents the true 
situation, since millions of individuals are 
involved. The one for mice is essentially an 
assumed curve, which may be in error by a 
considerable amount. Therefore, the slope 
is not known accurately. Assuming that it 
is correct, we have for the same initial mor- 
tality rate 7) and the same mortality rate r 
at the same time ¢, in the Gompertz 
straight lines 


= 


where 


fy 
y 
Vi 
\ 
o 4 
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m.= slope of straight line for control 
mice (Fig. 1) 
= slope of straight line for man (Fig. 
2, 4) 
and 


¢=time in days. 


Since the difference in the slopes was found 
above to be 20-fold 


M=—.- 
20 


Now, it was found that for the control mice 
m,=12.8k 
therefore, 


12.8k 
M=——=0.64k. 
20 


Hence, by taking 0.64 /day as the fic- 
titious dose rate siecninahi to spontan- 
eous aging in man, we have assumed that k 
is the same for mouse and man. All we know 
for sure is the value of M (for man). If the 
analysis of the mouse data of Lorenz et a/.® 
is reasonably correct, we also know m, and 
k for mice. On the same basis there should 
be a k and a fictitious dose rate s for man. 
Denoting these quantities for man by ky 
and sy we have 


I 
Suku =— sk=4.45X10% 
20 


where s and k represent the values for mice 
already found. It is evident that the values 
of sy and ky may vary widely so long as 
their product equals 4.45X10~%. There- 
fore, in order to determine the fictitious 
dose rate sy for man it is necessary to know 
whether ky =& or, if it does not, how it dif- 
fers from k. A preliminary analysis of ex- 
periments on rats similar to Lorenz et al.’s 
experiments on mice conducted by Dowdy, 
Boche and Bishop and reported by Boche? 
indicates that k is very nearly the same for 
rats. This, however, may be an accidental 
coincidence and in any case not much 
weight can be given to it in the extrapola- 
tion to man, since the life spans of rats and 
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mice are nearly the same. It may be pos- 
sible to get some guidance by considering 
the physiologic implications. 

In our analysis we are really postulating 
that there is some agent (of unknown na- 
ture) that is responsible for spontaneous 
aging in mouse and man. The agent need 
not be the same in both cases, but its po- 
tency is expressible in some unit “r,”’ equiv- 
alent to one roentgen. Since sX¢ has the 
unit of dose (‘‘r’’/day Xdays), assuming a 
constant & for man and mouse implies that 
a certain dose of this hypothetical agent 
produces the same change in mortality rate 
in both mouse and man. On this basis the 
agent is equally effective in producing aging 
in both man and mouse. Since the time re- 
quired to do this in the case of man is 20 
times longer than in the mouse case, the fic- 
titious dose rate for man must be 1/20 of 
that for mouse. On the other hand, we may 
get the same result by assuming that the 
spontaneous aging agent has the same dose 
rate (12.8 “r’/day) for both man and 
mouse, but it is 20 times less effective in 
producing aging in man than in the mouse. 
This would imply that the biologic system 
of man is 20 times more stable, vis-a-vis the 
hypothetical aging agent, than that of the 
mouse. At the moment no choice can be 
made between the two alternatives. (As 
pointed out earlier, these are not the only 
two possible alternatives). Since the com- 
parison between man and mouse is usually 
made on the basis of life span; that is, by 
changing the age scale in the ratios of the 
life spans, Curves B and C of Figure 2 have 
been determined on a similar basis but 
using the factor of 20, which applies to the 
respective Gompertz straight lines.* There- 
fore, in Figure 2 the fictitious dose rate for 
spontaneous aging in man (Curve 4) 1 
0.64 “‘r’’/day. The corresponding dose rates 
for Curves B and C are 0.1 r/day and 0.5 


* The ratios of life spans are usually taken as jo to 36. Our 
ratio of 20 is considerably smaller than this, but comes out di- 
rectly from the slopes of the two straight lines. As pointed out 
earlier, the slope of the line for the control mice is not known ac- 
curately. On the other hand, it should not be assumed that the 
two slopes should be in the ratio of the life spans, since the varia- 
tion of mortality rate with time is very different for man and 
mouse before middle age. 
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r/day, respectively. If it is assumed that 
the fictitious dose rate for man is the same 
as that for mouse; Curve 4 corresponds to 
a dose rate of 12.8 “‘r’’/day and Curves B 
and C to 2 r/day and to r/day respectively. 
We may now estimate the life shortening 
in man to be expected from chronic whole- 
body exposure to roentgen rays of high 
penetrating power. The simple method 
worked out for mice will be used and, there- 
fore, only the spontaneous aging Curve 4 in 
Figure 2 and the fictitious dose rate appli- 
cable to that curve are needed. The curve 
was extended down to age twenty in order 
to consider cases of occupational exposure 
that may begin at that age.* If exposure is 
at an average rate of 0.1 r/day for 40 years, 
the accumulated dose at age 60 will be 
1,460 r. Taking the fictitious dose rate for 
man as 0.64 “r’’/day or 234 “r’’/year, the 
increase in physiologic age will be 1,460 
/234=6.25 years. Therefore, at age sixty 
the individual would have the physiologic 
age of a nonexposed individual 66.25 years 
old. The life expectancy of United States 
white males (as of 1950) is sixteen years at 
age sixty and twelve at age 66.25. There- 
fore, the life shortening is four years or 
4X 365 
—=1 day per r. 
1,460 


Obviously, if the fictitious dose rate for man 
is 12.8 “r’’/day, the life shortening will be 
approximately 1/20 of a day per r. There- 
fore, life shortening determined on the 
basis of a fictitious dose rate of 0.64 “‘r” 
/day may be considered to give a reason- 
able upper limit. There are, of course, some 
variations in the life shortening per r when 
the above calculation is made for other 
ages, because the life expectancy is not a 
linear function of age, but the maximum is 
approximately 1.5 days per r. Considering 
the inherent uncertainties involved, an 
average value of 1 day per r is a close 
enough estimate. 

These calculations have been made for a 
daily dose of 0.1 r because Curve B of Fig- 


* In this country the minimum legal age for work with radia- 
tion is actually 18. 
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ure 2 is for o.1 r/day on the basis of 0.64 
“r’? day for Curve 4, and the age differ- 
ence can be read directly from the curves. 
As pointed out earlier in the case of the 
mice, so long as the exposure is chronic and 
the dose rate not too high, the dose accumu- 
lated up to the age of interest is all that is 
needed to determine the approximate life 
shortening. Thus, in the case of the radi- 
ologists in Shields Warren’s survey,’ if we 
take soo r for the average dose accumulated 
up to age sixty, the age difference is 


500 


—=2.1 

2.14 years 

The life expectancy is sixteen years at age 
sixty and 14.5 at age 62.14. Therefore, the 
life shortening to be expected is 1.5 years 
(which corresponds to 1.1 day per r). The 
present permissible limit for accumulated 
dose for those occupationally exposed is 210 
r at age sixty. The life shortening to be ex- 
pected on the basis of our assumption is 
less than two-thirds of a year. 


SUMMARY 


The data of the experiment of Lorenz 
et al® on chronic irradiation of mice with 
radium gamma rays have been analyzed in 
terms of the Gompertz function in such a 
way that the resulting curves are internally 
consistent. The straight line for the con- 
trols (on a semilog plot) represents the in- 
crease in mortality rate with age of the ani- 
mals. It is customarily assumed that, at 
least beyond a certain age, the increase is 
due to the aging process, whatever it may 
be. The slope of the straight lines for the 
chronically irradiated mice is greater than 
for the controls. Therefore, chronic whole 
body irradiation causes an acceleration of 
aging in these mice. Irrespective of the 
mechanism by which radiation causes ag- 
ing, the effect is additive to the spontaneous 
one. From the relative positions of the 
straight lines (Fig. 1) it is then simple to 
calculate a fictitious dose rate of radiation 
that would produce the same aging as oc- 
curs spontaneously. This turns out to be 


12.8 “r”’ per day. Adding this fictitious 


4 
\ 
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dose rate to the actual gamma-ray dose 
rates used in the experiment makes the 
total accumulated dose at the time when 
the groups of mice have equal mortality 
rates the same, irrespective of the dose 
rate (within the limits of the experiment, 


o-8.8 r per day). This is as it should be if 


the effects of the spontaneous aging proc- 
ess and aging by irradiation are additive. 

For man the Gompertz curve is known 
accurately, but varies from country to 
country and to some extent with the year 
when the statistical data were compiled. 
The one given in Figure 2 applies to the 
white population of the United States. It is 
not known how this population would re- 
spond to chronic irradiation and, therefore, 
it is impossible to determine directly the 
fictitious dose rate that would produce ag- 
ing equivalent to spontaneous aging. How- 
ever, a value may be obtained by compar- 
ing the Gompertz straight lines for the 
control and chronically irradiated mice 
(Fig. 1) with the straight line portion of the 
Gompertz curve for man (Fig. 2 4). It is 
found that the slope of the straight line for 
the nonirradiated mice is 20 times greater 
than the slope of the straight line for man, 
when the same time scale is used. This 
means that the mice used in the experiment 
of Lorenz et a/. age 20 times faster than 
man. It is reasonable to assume then that 


the fictitious dose rate for man is 1/20 of 


that for these mice. Obviously, if the life 
span of mouse is shorter than that of man, 
either the aging agent (whatever it may be) 
is more powerful in mouse than in man, or 
the biologic system of man is more stable 
than that of mouse. Be that as it may, the 
time rate of aging differs by a factor of 20. 
If we use this factor to determine the fic- 
titious dose rate for man we find that it is 
0.64 “r” per day. On the same basis the 
aging produced in mice by 1 r per day 
should be produced in man by I rin twenty 
days; that is, by 0.05 r per day. This makes 
possible the estimation of the life shorten- 
ing in man to be expected from chronic ex- 
posure at any given dose rate (not in excess 
of 8.8/20=0.44 r per day, 8.8 r per day be- 
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ing the highest dose rate used by Lorenz 
et al.). A simple method for doing this is 
described in the text. 

The most widely quoted estimate of the 
life shortening to be exepcted in man from 
exposure to radiation is one made by 
Hardin B. Jones, which is fifteen days per 
roentgen. The value derived by us is ap- 
proximately one day per roentgen of ac- 
cumulated dose for chronic exposure at a 
dose rate not in excess of 0.5 r per day. The 
National Committee on Radiation Protec- 
tion has recommended a maximum permis- 
sible accumulated dose of 50 r in ten years 
for individuals occupationally exposed to 
roentgen or gamma rays. This amounts to 
210 r in forty-two years (age eighteen to 
sixty). According to our method of estima- 
tion, the life shortening attributable to this 
accumulated dose is about two-thirds of a 
year. On the same basis the life shortening 
to be expected in radiologists who in the 


‘past (when the dangers of exposure to radi- 


ation were not well known) may have ac- 
cumulated itil doses of 500 ris 1.5 
years. 

It should ti noted that the method of 
extrapolation from animal to man devel- 
oped by us has only one new feature—the 
assignment of a fictitious dose rate to spon- 
taneous aging. This is really a necessary 
consequence of the application of the Gom- 
pertz function to the mortality of chron- 
ically irradiated animals. Therefore, if this 
is justified, the extrapolation according to 
our method is correct in principle. How- 
ever, owing to the small numbers of ani- 
mals used in chronic exposure experiments, 
the derived numerical values for man may 
have a considerable error, but this would 
not be so large as to make the life shorten- 
ing in man equal to anything like fifteen 
days per roentgen. It is well to point out 
explicitly that the present discussion ap- 
plies only to chronic exposure at low dose 
rates—not to the effect of a large dose re- 
ceived in a short time. 


G. Failla, Se. D. 
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THE GENETIC BASIS FOR THE LIMITATION OF 
RADIATION EXPOSURE* 


By BENTLEY GLASS, Pu.D. 


BALTIMORE, MARYLAND 


dunce one must begin to think of mu- 
tations of the hereditary material in 
terms of its chemical nature and of the pos- 
sible changes in it which would be capable 
of modifying the genetic information trans- 
mitted by it from one generation to the 
next. Chromosomes, the well-known mi- 
croscopically visible carriers of the genes, 
are composed of deoxyribose nucleic acid 
(DNA), some ribose nucleic acid (RNA), 
considerable basic protein (histone), and a 
little protein of a higher molecular weight. 
The evidence now available clearly indi- 
cates that the genetic information is coded 
primarily in the DNA. If so, it can only re- 
side in the sequences of the purine and Py- 
rimidine bases (adenine, guanine, cytosine, 
and thymine) along the length of the poly- 
nucleotide chains that comprise the DNA 
molecule. Mutations, then, are alterations 
in this material which, when chromosomes 
reproduce themselves, are themselves repli- 
cated and thus transmitted through both 
mitotic and meiotic cell divisions. 

The hereditary material is of course pres- 
ent in the nuclei of all cells, not of repro- 
ductive cells alone. Any damage done to it 
is transmitted through mitosis to all the 
somatic descendant célls. Many, if not all, 
genes are concerned with the presence and 
specificity of particular enzymes, each of 
which governs some particular step in the 
metabolic pattern. Unless, in certain tis- 
sues, the blocked steps have become un- 
important, the damaged genes must result 
in damaged cells; but most metabolic steps, 
as the biochemists find, are important in 
most, if not all, differentiated tissues. Ex- 
tremely few steps can be altered with im- 
punity. Most of them, in fact, are every- 
where essential. It is little wonder, there- 
fore, that when a mutation impairs the spec- 


ificity of an enzyme and thereby blocks a 
particular metabolic step more or less com- 
pletely, the usual outcome is fatal unless 
the cell has some alternative way of sup- 
plying its needs. In a multicellular animal 
the incapacitated cell may live on at the 
expense of its neighbors. Or it may die, and 
this is not so serious if there are limitless 
numbers of uninjured cells to take its place. 
Only if the damaged cell is irreplaceable, or 
if it should be stimulated to abnormal ac- 
tivity and multiplication at the expense of 
other cells (leukemia, cancer), is the fate of 
the entire organism imperiled. But if very 
great numbers of somatic cells are damaged 
genetically, the effect may be very severe, 
even though not uniform in character. Thus 
most mutations may be expected, as Crow! 
has recently said, not to result in conspicu- 
ous abnormalities but to be manifested 
“simply as an increase in the types of ab- 
normality, disease, and death that are al- 
ready occurring.” 

What is true of the nature of genetic 
damage in somatic cells is more fully re- 
vealed in the consequences of damage to 
the reproductive cells. In this case the he- 
reditary defect will be present in every cell 
of the offspring to whom it is transmitted 
via egg or sperm, and no tissue can escape 
the consequences of the defect. The sole 
safeguard, in each such case, is the general 
probability that the set of genes inherited 
from the other parent will not carry any of 
the same hereditary defective genes. Mor- 
ton, Crow, and Muller? have recently cal- 
culated, for example, that the average num- 
ber of lethal genes (or of more numerous 
but less harmful genes adding up to the 
same degree of harm) carried by each of us 
amounts to four. It is consequently only 
because of our double inheritance, coming 


* From the Department of Biology, The Johns Hopkins University, Baltimore, Maryland. Presented at the Fifty-eighth Annual 
Meeting of the American Roentgen Ray Society, Washington, D. C., October 1-4, 1957. 
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from ancestral lines that rarely carry the 
same harmful genes, that we survive at all. 

Ionizing radiations produce mutations. 
Visibly, we note, as a result, broken and re- 
arranged chromosomes. These chromo- 
somal mutations are commonly so harmful 
they are eliminated almost at once through 
the early death of their carriers, and they 
are produced in negligible frequencies ex- 
cept at high doses of acute radiation. Fur- 
thermore, in the germ line they are almost 
wholly limited to occurrence in spermato- 
cytes, spermatids, and mature spermato- 
zoa, which are in large measure destroyed 
by the high doses of acute radiation that 
produce the well-known temporary male 
sterility following radiation of the testes. 
More significant to the population, there- 
fore, are those less harmful, usually mainly 
recessive mutations which affect individual 
genes—the submicroscopic lesions that pre- 
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sumably consist of alterations in the se- 
quence of purine and pyrimidine bases, 
through inversions of segments, insertions, 
deletions, and substitutions. 

Our present evidence indicates that the 
frequency of these point mutations always 
increases linearly with the radiation dose 
(Fig. 1). In Drosophila studies this holds 
over the range from 25 r up to 6,000 r. In 
some plants, the linear range has been ex- 
tended down to about § r. In mice, the line- 
arity in relation to dose holds over the 
range from 300 r to 600 r, and there is no 
sign that it does not hold at lower doses. 
This linear proportionality to dose, over 
and above the spontaneous frequency of 
mutation, implies that (a) as long as dosage 
is measured in terms of roentgens, that is, 
in terms of the ionization produced by the 
radiation, absorbed quanta do not interact 
to produce effects, but are individually ef- 


LEVEL OF 
SPONTANEOUS 
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Fic. 1. Diagram to represent the relationship between mutation frequency and man-made dose of ionizing 


radiation. Note that the mutation frequency at the doubling dose is by definition double the frequency of 
spontaneous mutation. If a threshold existed below the lower limit of the experimentally demonstrated 
linear portion of the dosage curve, the curve would have to follow the heavy dotted line. This would imply 
that the lowest applied doses produced no mutations, and then a short region of increasing dose would yield 
mutations with an efficiency significantly exceeding that of the long linear portion of the dosage curve. For 
physical reasons this is very improbable. If any considerable portion of the spontaneous mutation is, for a 
particular species, induced by the background radiation, the entire curve, including the origin, would be 
shifted correspondingly to the right if the natural radiation were included with the applied in the definition 
of “dose.” If the background radiation is not included in the “dose,” the curve and its origin would be un- 
altered. 
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fective; and (b) there is no sign of a thresh- 
old dose below which mutations are not 
produced. Rather, even the lowest doses 
are proportionally mutagenic, and _ all 
doses, however distributed, are additive or 
cumulative in effect. These relations are 
further borne out by the evidence that dif- 
ferences in the energy of quanta are not 
significant in respect to point mutations. 
Whether the quanta are the extremely pow- 
erful ones of cosmic rays or the less ener- 
getic ones of gamma or roentgen rays, down 
to the weakest ionizing quanta of the grenz 
rays, the mutational effect remains linearly 
proportional to the ionization produced. 
Ionizing particles, such as beta rays (elec- 
trons), alpha particles, and neutrons are also 
effective in producing mutations, both of 
the chromosomal and of the submicroscopic 
sort. They show differences in efficiency, but 
the dosage relation for the point mutations 
is in each case one of linear proportionality. 

Mutations also arise in all populations 
spontaneously. These, like the radiation- 
induced ones, are also in the great majority 
of instances harmful, although possibly not 
quite as universally as the radiation-in- 
duced ones, since spontaneous mutations 
may occasionally mutate back to the origi- 
nal form of the gene, but radiation-induced 
ones have rarely if ever been observed to 
do so. One can readily see why the effects of 
mutation are essentially irreversible. The 
loss of a part of the genetic material is irrep- 
arable, since the template is destroyed. 
Alterations of the genes are permanent be- 
cause the new genes formed by the altered 
chromosome will be modelled on the al- 
tered genes. Only an exact reversion to the 
original state, a back-mutation commonly 
rarer than the original change, will accom- 
plish a restoration of the former gene. Con- 
sequently, once a mutation has been pro- 
duced by radiation and has been trans- 
mitted to the population, it continues its 
way from generation to generation until it 
is either eliminated by the death or failure 
of its possessor to reproduce, or is excluded 
by chance from representation in the prog- 
eny. 
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Radiation acts blindly, not selectively on 
certain genes and not on others, and that is 
why the deleterious nature of the vast ma- 
jority of mutations is so important. By 
means of several hundred roentgens of radi- 
ation it might indeed be possible to increase 
the probability of obtaining a desirable 
mutation in a reproductive cell to a chance 
of 1 per 1,000. But mutations that produce 
a beneficial effect under existing conditions, 
or even those that produce a detectable 
change that is neutral in respect to via- 
bility and fertility, are a tiny minority 
among all mutations in general. Hence at 
the same time the probability of getting a 
lethal mutation, to judge from relative fre- 
quencies in Drosophila, would have risen 
to I in 4 gametes, and the probability of 
getting a mutation with some degree of 
harmfulness to virtual certainty. 

It is particularly important to note that 
the reduction of fitness in the population 
because of its burden of harmful mutations 
carried until they are eventually extin- 
guished is not primarily due to dominant 
genes, for these are quickly eliminated, and 
usually so early in pregnancy as to produce 
little harm. Nor is it attributable to the 
rare occurrences of the recessive harmful 
mutations in double dose. Most of the mu- 
tational load is, as Crow? puts it, “due pri- 
marily to detrimental recessive genes that 
have small but not negligible effects as het- 
erozygotes [and] cause no obvious visible 
abnormalities . .. for most of the genetic 
damage, if we can analogize from Dro- 
sophila, is due to genes that cause a slight re- 
duction of life expectancy, a decrease in fer- 
tility, an increase in various kinds of ordi- 
nary illnesses, and other such non-specific 
effects.” 

Because of spontaneous mutation, a cer- 
tain load of mutations exists in the popu- 
lation, at an equilibrium set by the muta- 
tion process that feeds in new mutations of 
each kind, and the selective process that 
eventually eliminates each mutation that 
reduces viability or fertility. Were the mu- 
tation rate to be permanently doubled, a 
new equilibrium would eventually be at- 
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tained at frequencies of the undesirable 
genes just twice as high as before.? Hence, a 
radiation dose that exactly doubles the 
spontaneous mutation rate—the so-called 
“doubling dose’”—would eventually, after 
ten to forty generations, double the human 
burden of defects attributable to harmful 
genes. The National Academy of Sciences 
Genetics Committee’ stated in 1956 that 4 
to 5 per cent of all live births in the United 
States represent defects of a tangible sort 
such as “mental defects, epilepsy, congeni- 
tal malformations, neuromuscular defects, 
hematological and endocrine defects, de- 
fects in vision or hearing, cutaneous and 
skeletal defects, or defects in the gastro- 
intestinal or genito-urinary tracts... of 
all of these, perhaps about half—or 2 per 
cent of the total live births—have a simple 
genetic origin....” Each year approxi- 
mately 4 million live infants are born in 
this country. Thus 80,000 annually, in 
round figures, have tangible defects of a 
hereditary nature. A doubling dose would 
increase this to an eventual annual total of 
160,000 genetic defectives born, with per- 
haps an increase of Io per cent, or 8,000, 
annually during each of the 30 years of the 
first generation. 

It is obvious that it would be helpful, 
from the standpoint of an evaluation of the 
effects of radiation, to know the exact mag- 
nitude of this doubling dose—not, of 
course, that smaller doses would not do 
proportionate genetic damage. If all the 
spontaneous mutation were caused by the 
background radiation (cosmic rays, at- 
mospheric radiation, radiation from rocks, 
soil, and housing, and internal radioactivity 
of the body), then the doubling dose would 
be equal to the background radiation. In 
the United States and Great Britain, ac- 
cording to latest estimates,‘ this averages 
3.1 rem; although in certain areas of the 
world it may be considerably greater. But 
we know that for Drosophila not more than 
1/1000 of the spontaneous mutation is at- 
tributable to the background.* Allowing for 
man’s greater reproductive lifetime—ap- 
proximately 365 times as long as the fruit- 
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fly’s—it seems very unlikely that the dou- 
bling dose can be less than Io r per genera- 
tion. This dose, of course, is that to the 
gonads. On the other hand, in various or- 
ganisms studied by geneticists fairly thor- 
oughly, the doubling dose seems to fall 
within the range of 40 to 80 r. This range 
has been taken by both the American and 
British Committees** on the genetic effects 
of radiation as bracketing the most prob- 
able values. 

It may be instructive, therefore, to cal- 
culate the number of tangible genetic de- 
fects and the total number of harmful mu- 
tations to be expected from the estimated 
medical and dental exposures to radiation 
in the United States, assuming an annual 
birth rate of 4 million, and three possible 
values of the doubling dose. The medical 
and dental diagnostic and therapeutic ex- 
posures of the gonads have recently been 
estimated by Laughlin and Pullman’ from 
an extensive survey of the medical litera- 
ture. It is true that many of the data on 
which the estimates are based are limited 
to particular institutions or situations, that 
there is very great variation in actual prac- 
tice, and that the statistical uncertainty of 
the estimates is great. The authors recog- 
nize this. Nevertheless, no better estimates 
can be made at the present time from avail- 
able data; and they are in agreement with 
very similar estimates of the exposure of 
the Swedish population to diagnostic roent- 
gen rays. Two values are given by Laughlin 
and Pullman: a minimum gonad dose com- 
puted on the basis of the lowest gonadal 
doses reported, and a probable gonad dose 
based on an average of those reported meas- 
urements of techniques generally em- 
ployed. The former is 2.0+1 r and the lat- 
ter is 4.6+3 r. It may thus be concluded 
that the current gonadal dose to the popu- 
lation of the United States per generation 
is not likely to be less than 1 r or more than 
8 r, and may well be 4 or 5 r. This would 
represent an annual gonadal dose of 1/30 
to 8/30 r (33.3 to 266.4 mr). As the most 
probable estimate I shall take the round 
figure of 1/6 r (167 mr) per year. This cer- 
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tainly would not initially strike anyone as 
an alarming dose. 

The limiting ratios of the medical-dental 
gonadal dose to the doubling dose are 1/80 
(1 r:80 r) and 8/10 (8 r:10 r). The most 
probable ratio would appear to be 1/10 
(1 r:10 r or 8 r:80 r). Using these values, 
one can estimate that the increase in tan- 
gible genetic defects of the kinds men- 
tioned above, in an annual number of 4 
million births, would eventually amount to 
between 1,000 and 64,000 defective babies, 


the most probable number being 8,000. Of 


these, one would expect to find annually 
over the first generation (30 years) perhaps 
10 per cent, that is, 100 to 6,400 defectives, 
the most probable estimate being 800. 
These numbers are clearly not negligible 
and must cause great concern. Neverthe- 
less, they must be seen against the back- 
ground of the 80,000 annual births of gen- 


etic defectives attributable to the sponta- | 


neous mutation rate. Even over the long 
term, this is but a Io per cent increase. 
Next let us estimate the total increase in 
undesirable mutations on the basis of the 
same assumptions. The spontaneous mu- 
tation rate accounts for perhaps 120 muta- 
tions per locus in 4 million births; 320,000 
mutants of the class causing an increased 
probability of death between birth and 
adulthood, including stillbirths; and per- 
haps 1,200,000 causing an increased proba- 
bility of death from the time of conception 
(calculated from Ref.*). The rate of induced 
mutations per roentgen we estimate at 
20,000 in 4 million births, or 2 mutations 
per locus. The range of uncertainty is vast, 
extending over one order of magnitude on 
either side of the estimate given. With this 
estimate of the mutation rate per r, and 
three estimates of medical-dental gonadal 
dose per year (minimum, probable, maxi- 
mum), it is obvious that the estimated val- 
ues for the total mutation rate will vary 
over several orders of magnitude. However, 
taking the most probable estimate for each 
parameter, the total number of harmful 
mutations estimated to be induced by the 
annual medical-dental diagnostic and ther- 
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ESTIMATES OF HARMFUL MUTATIONS INDUCED BY 
THE ESTIMATED CURRENT LEVEL OF MEDICAL 
AND DENTAL EXPOSURES TO RADIATION IN 
4 MILLION ANNUAL BIRTHS, IN THE UNITED 
sraTEs. (Calculated from Ref. *) 


Annual 
Increase Increase 
in No. at in Ne. at 
End of — Eventual 
30 Equi- 
Years librium 
Achondroplasia 10 12.5 
Gross mental or physical de- 
fect 800 8,000 
Infant and childhood death _—_1,920 32,000 
Embryonic and early child- 
hood deaths 4,560 76,000 
Total harmful mutations 
= deaths” 100,000 


apeutic 1S 3,333 mutations in 
4 million births. Since each generation is es- 
timated at 30 years, the annual exposure of 
the entire population at this rate for 30 
years would lead to a rate at the end of 
such a term of 100,000 mutations in 4 mil- 
lion births. The number of these “genetic 
deaths” expected to occur annually would 
rise from perhaps 200 in the first year to 
about 6,000 in the thirtieth year, and 
would continue to increase thereafter as 
long as the exposure also continued, until 
the upper limit of about 100,000 mutations 
annually was reached. 

Table 1 shows the estimated increase for 
other categories of genetically produced de- 
fect, from a single dominant mutant gene 
causing achondroplasia to the total “ge- 
netic deaths.” 
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BONE, SKIN, AND GONADAL DOSES IN ROUTINE 
DIAGNOSTIC PROCEDURES* 


By J. S. LAUGHLIN, Pu.D.,!2 M. L. MEURK, B.A.,? 
I. PULLMAN, Pu.D.,! and R. S. SHERMAN, M.D; 


NEW YORK, NEW YORK 


R many decades members of the 
American Roentgen Ray Society and of 
other radiologic societies have been con- 
cerned with the safe use of radiation and 
have instigated research and the formula- 
tion of regulations to insure the safe use of 
radiation in medical procedures. This 
symposium is a reflection of the continuing 
interest and of the importance which this 
Society obviously attaches to the safe use 
of radiation in its profession. During the 
past decades, as a result of the efforts of 
radiologists and at their insistence, diagnos- 
tic procedures, while becoming more varied, 
have been developed with more protection 
and less undesired radiation. Radiologic 
physicists and roentgen-ray equipment 
manufacturers have participated in these 
efforts. 

From the radiologic physicist’s point of 
view, it should be emphasized that the 
most constructive and interesting problems 
in diagnostic radiology include develop- 
ments to increase the variety of techniques 
available to the radiologist. These include 
the use of isotopes, miniature roentgen-ray 
tubes, high voltage roentgen rays, and 
developments to increase resolution, sensi- 
tivity and contrast. With the introduction 
of image amplifiers, fast developers, and 
more sensitive films, the radiologist is 
continuously improving his equipment in 
the direction of better diagnosis with less 
radiation exposure. By their nature many 
of these developments can be made only 
by industry with its large resources for re- 
search and development. Radiation safety 
problems and improvements are also im- 
portant and interesting, though they will 


normally occupy only a part of the hospital 
physicist’s time and effort. ‘ 

As the title indicates, this paper deals 
with radiation exposure associated with 
some diagnostic procedures. The points to 
be discussed include methods of measure- 
ment of radiation dose along with phantom 
description, the amount of radiation re- 
ceived naturally which constitutes a base 
line reference, a survey of reported meas- 
urements in the literature on the radiation 
dose incident to diagnostic procedures, 
presentation of some of our own measure- 
ments, and a brief consideration of the 
assumptions necessary in estimation of the 
general population gonad dose on the basis 
of the present limited data. 


MEASUREMENT OF RADIATION DOSE 


With respect to the measurement of 
radiation exposure, several parameters 
should be defined. The first parameter is the 
quality of the radiation. The quality of the 
useful beam from a diagnostic machine can 
be characterized approximately by means 
of absorption curves in air. The use of 
proportional counters or scintillation crys- 
tals and associated pulse height electronic 
apparatus now makes it possible to meas- 
ure the spectra precisely. However, radia- 
tion at various points within the human 
body may include different possible com- 
ponents such as: (a) degraded radiation in 
the useful beam, (b) scattered radiation 
from points in the body which are in the 
useful beam, and (c) stray radiation which 
may be either leakage radiation through the 
tube housing or scatter from other points 
in the room. The quality of the scattered 


* Presented at the Fifty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C.. October 1-4, 1957. 
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Fic. 1. The response of several chambers relative to the roentgen is shown for qualities of radiation extending 
from 0.3 mm. Al half value layer to 2 mm. Cu half value layer. The plots above are for specific individual 
chambers and are not necessarily applicable to other chambers of the same manufacture. In fact, it is nec- 
essary to make such determinations for every chamber employed. All of the chambers identified are made 
for a specific purpose and this plot is in no way a reflection on their merits. 


and degraded radiation at points outside 
the useful beam has not been directly 
measured though we are now commencing 
to do this. In the meantime we can only 
make estimates of the amount of decrease 
in effective energy at various points in the 
body associated with an incident beam of a 
given quality. 

The next parameter which must be con- 
sidered is the response of the radiation 
detector to different qualities of radiation. 
If one had a detector the response of which 
either in exposure dose in roentgens or 
absorbed dose in rads were constant regard- 
less of the quality of the scattered roentgen 
rays and electrons, the knowledge of the 
quality of the radiation mentioned above 
would cease to be of major significance. It 
is, therefore, of the greatest importance to 
know the response of the radiation detec- 
tor being employed to different qualities of 
radiation. Figure 1 illustrates the response 
of a variety of chambers as a function of 
radiation quality. The ordinate is the ratio 


of the reading of the chamber to the expo- 
sure dose in roentgens. Both the chamber 
response and the exposure dose are deter- 
mined in air. The abscissa indicates the half 
value layer of the radiation being employed. 
Most miniature chambers commercially 
available are particularly designed to have 
a uniform response in the upper diagnostic 
and therapy regions and have a depressed 
response for the softer qualities of radiation 
as indicated on this graph. By special de- 
sign it is possible to make chambers which 
have a relatively uniform response in the 
diagnostic region which we may consider 
here as being that region from essentially 3 
mm. aluminum half value layer on down. 
The graph illustrates the improved re- 
sponse of a chamber with homogeneous 
walls of conducting polystyrene. This wall 
avoids the problems of flaking of the con- 
ducting coat and avoids an effective change 
in the wall atomic number for different 
qualities of radiation. A variety of chamber 
dimensions, different wall thicknesses, 
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Fic. 2. View of miniature condenser chamber with wall of conducting polystyrene and aluminum 
electrode. The wavelength response of this chamber is shown in Figure 1. 


electrodes of different materials and dimen- 
sions have been investigated. At present we 
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Fic. 3. Directional response of miniature chambers. 
The direction of the long axis of each chamber is 
indicated by the arrow. Relative response is plot- 
ted uniformly along the radii. 


are using a relatively large aluminum elec- 


trode and with this arrangement obtain the 
superior wavelength response indicated. 
Figure 2 shows a photograph of this cham- 
ber. This is a condenser type version which 
is charged on the Farmer-Baldwin radio- 
logic electrometer, though it is also being 
made as a part of a continuously reading 
probe apparatus. Since most diagnostic 
units can be operated for only short lengths 
of time, the condenser type version is 
usually the more useful. When conditions 
can be simulated with a _ continuously 
operated roentgen-ray machine, particu- 
larly for shielding tests, the continuous 
probe type chamber becomes more ad- 
vantageous. 

Figure 3 illustrates another parameter 
which must be considered: the directional 
response of chambers. In the calibrations 
shown in Figure 1, the long axis of each was 
normal to the axis of the roentgen-ray 
beam, which is the orientation in which 
most chambers have a more uniform direc- 
tional and also their maximum response 
characteristic. As shown, for commercial 
chambers and somewhat for our own cham- 
ber there is a pronounced directional de- 
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Fic. 4. Phantom of young adult body. Unit density 
pressdwood has been employed. An entire skeleton 
(which shows white in the section) has been in- 
serted in the pressdwood. The lungs are repre- 
sented by cork of 0.3 gm./cc. density. Air cavities 
are also present. The skeleton was impregnated 
with beeswax as were the spaces between it and the 
pressdwood. The phantom is laminated in 3 cm. 
thick sections which permits disassembly at any 
desired location, and also permits adjustment of 
vertical dimensions of the body. 


pendence. This is minimized by making the 
diameter and length comparable. 

Another parameter which must be con- 
sidered and which is particularly important 
for pulsed diagnostic exposures is that of 
saturation effects. The voltage applied on 
the chamber must be sufficiently high so 
that essentially all ions are collected before 
recombination can occur. This can be tested 
by calibrating the chamber at a variety of 
dose rates including those which exceed any 
in use with the diagnostic apparatus. It 
can be further cross-checked in use with the 
diagnostic apparatus by comparisons with 
larger chambers the saturation properties 
of which are well known. 

The next problem to consider in the 
measurement of radiation exposure is the 
body itself. Significant testes measurements 
can be made on patients, but cadavers or 
phantoms are most convenient for ovary 
measurements. Significant ovarian dose 
estimates have also been made by insertion 
of chambers into the posterior fornix of the 
vagina, However, in addition to ovaries 
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and testes, there are other locations of 
importance. We have been particularly 
concerned with the dose delivered to the 
blood forming marrow in the bone. This 
requires insertion of the chamber in the 
bone which is difficult even in a cadaver. 
For this reason we have constructed and 
have used in our own measurements a 
phantom which is shown in Figure 4. This 
phantom consists primarily of unit density 
pressdwood into which a wax impregnated 
skeleton has been inserted. The pressdwood 
was cut out to allow the insertion of all of 
the bones in the skeleton. The marrow, 
which has been removed, was replaced with 
pure beeswax of 0.97 gm./cc. density. The 
spaces around the bone in the pressdwood 
were also filled with beeswax. The lung was 
simulated with cork of density 0.3 gm./cc. 
Some of the lung simulated with cork as 
as well as some of the bone can be seen in 
this photograph. Figure 5 shows roentgeno- 
grams of this phantom, and chamber posi- 
tions are indicated by the shadows of steel 
rods. We have employed two testes posi- 
tions, two ovary positions, and three posi- 
tions along the spine in the vertebrae in past 
measurements. More bone marrow posi- 
tions in femoral head, pelvic bone, and ster- 
num have been subsequently added. It is 
believed!" that in young adults from 
twenty years on the vertebrae, sternum, 
clavicles, scapulae, skull, and ribs are 
normally the most important regions of 
blood formation. Of course, if activity in 
these is depressed due to radiation or other 
insults, the femur or tibia can be called in- 
to service. This phantom is also laminated so 
that it is possible to change its vertical 
dimensions, which is important in consider- 
ing the roentgenography of different sizes 
of adults, and also for convenient access to 
the chambers without the necessity of 
drilling external holes 'through the trunk. 
Smaller size phantoms are under construc- 
tion to cover other age groups where the 
smaller dimensions make the exposure 
problems quite different. Also, in children 
both the femur and tibia contribute 
appreciably to blood formation. 


33 


VoL. 78, No. 6 


Radiation Doses in Diagnostic Procedures 


965 


Fic. 5. (4 and B) Posteroanterior roentgenograms of phantom. Some of the chamber positions are 
indicated by steel rods. 


There has been some interest in the total 
dose absorbed by the body incident to radi- 
ation exposure. This has been calculated by 
Ritter, Warren and Pendergrass”’ for 
various diagnostic procedures, and also by 
Feddema and Oosterkamp." This quantity 
can also be measured directly by determi- 
nation of the oxidation of the ferrous ion in 
solution in phantoms which represent the 
body. The integral dose measured in this 
manner for diagnostic roentgen rays with 
different amounts of filtration was reported 
by Meurk e¢ a/.% This study showed, as 
expected, that as the filtration of the 
diagnostic roentgen-ray machine was in- 
creased, the exposure dose in air decreased 
drastically even though the length of the 
exposure was normalized for the same film 
density. The saving in skin dose was not as 
marked as the saving in air dose, and the 
decrease in integral dose as measured by 
the oxidation of ferrous sulphate was even 
less marked. However, the saving was 
appreciable and well worthwhile. The total 
integral dose is probably not as significant 


in radiation damage considerations as the 
bone dose. 


NATURAL BACKGROUND DOSE 


Before reviewing the diagnostic exposure 
doses, the natural background dose is de- 
scribed in order to provide a basis for com- 
parison. All of us are exposed continuously 
to radiation. This radiation is contributed 
primarily by three different sources: cosmic 
rays, radioactive elements in the earth, and 
internal radioactivity. 

Primary cosmic rays are positively 
charged particles which reach the earth 
from interstellar space. They consist pri- 
marily of protons, about 85 per cent, with 
the remainder consisting of alpha particles 
and a few heavier charged nuclei. Most of 
these primary particles are in the several 
billion electron volt energy range with some 
much more energetic. Because of the deflec- 
tion of these charged particles by the 
earth’s magnetic field, more of them enter 
near our magnetic poles than near the 
magnetic equator. For instance, the rela- 
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tive number per square centimeter of outer 
atmospheric surface is about ten times 
greater at a latitude of 52° than at the 
equator. These primary positively charged 
particles interact with the atmosphere to 
produce secondary particles which consist 
of mesons, protons, electrons, roentgen 
rays, and neutrons. Below about 50,000 
feet there are essentially none of the pri- 
mary particles left. On the basis of ioniza- 
tion measurements made in the New York 
City area, in England, and in Holland, the 
air dose is approximately 26 millirads per 
year. Because of the high energy of this 
radiation the internal dose at any internal 
body point such as the bone and gonads 
will be essentially the same as the air dose. 

Earth and housing materials all contain 
naturally radioactive material in the form 
of radium, uranium, thorium, and potas- 
sium 40. On the basis of ionization meas- 
urements in the New York City area over 
sedimentary soil by Hess!’ and co-workers, 
the air dose ranges from 25 to 60 millirads 
per year. The air dose rate inside brick 
and concrete buildings!®*! and our side- 
walks is higher, from 70 to 160 millirads 
per year. These dose rates are weighted by 
the estimated urban and suburban fraction 
of the population. When corrected for 
attenuation by the body for both adults 
and children, a resultant gonad dose is ob- 
tained which is about twice that due to 
cosmic radiation. A small amount of addi- 
tional exposure is due to atmospheric 
radioactivity consisting primarily of gase- 
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ous radon and thoron which diffuse into 
the atmosphere from earth. Ionization 
measurements indicate this to be about 10 
per cent of the contribution from cosmic 
rays. 

We are also being continually insulted by 
radiation originating from naturally radio- 
active atoms in our own body. Potassium 
40, carbon 14, and radium are the largest 
contributors. Considering the increased bio- 
logic effectiveness of the alpha particles 
from radium, the contribution of internal 
radioactivity is essentially equal to that of 
cosmic rays. As shown in the summary in 
Table 1, natural background radiation from 
these various sources produces a gonadal 
dose of approximately 100 millirem per 
year. 

Since we are also concerned with bone 
marrow dose due to diagnostic procedures, 
it is pertinent to consider the natural back- 
ground contribution to marrow dose. 
Cosmic rays are sufficiently energetic that 
the absorbed dose they produce in bone 
marrow should be essentially the same as in 
the gonads. For earth and housing the air 
dose rates have been reduced by a factor 
of 0.75 for attenuation by the bone and 
overlying tissue. As above, allowance is 
made for urban and suburban populations 
and an estimated dose of $9 millirads per 
year is thus obtained. The small carbon 14 
contribution is assumed the same but the 
potassium 40 contribution is reduced in 
bone. Assuming a uniform distribution in 
the skeleton of a radium burden of 


TABLE I 


ANNUAL NATURAL BACKGROUND DOSE 


Source of Radiation = 
millirads/year 


Gonadal 


Bone Marrcw 


millirem/ year | millirads/year | millirem/year 


Cosmic Rays | 26 +3 6+ 3 |} 26 $73 26+ 3 
Earth, Housing +20 53420 59 +20 s9t2 
Internal Radioactivity 
Beta and Gamma Rays _ | + 3 18+ 3 s+ 1 
Alpha Particles | 0.3 st 3 2 45+20 
Total | 104+21 135 +30 


|| 
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1.18 X107!° gm.?° we have a bone dose of 
44.7 X 10-4 rads per year, or 0.045 rem per 
year assuming alpha particles have a 
relative biologic effectiveness of 10. The 
result is about 135 millirem per year in the 
bone marrow assuming uniform distribu- 
tion. 


REPORTED RADIATION DOSES FOR 
DIAGNOSTIC PROCEDURES 


The literature has been surveyed and 
published estimates and measurements of 
skin and gonadal dose are summarized 
briefly here. Material in the Preliminary 
Report: Gonadal Dose from the Medical 
Use of X-Rays,”’ a comprehensive technical 
report prepared for the Genetics Committee 
of the National Academy of Sciences’ Study 
of the Biological Effects of Atomic Radia- 
tion has facilitated preparation of this 
survey. This summary is presented to pro- 
vide an idea of the magnitude of the radia- 
tion doses (primarily skin and gonadal) 
associated with various diagnostic proce- 
dures. As will be apparent from study of 
these tables, not all diagnostic techniques 
have been adequately studied; the re- 
ported doses often cover a wide range, and 
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the full details of the measurement (or 
calculation) are not always described. 
Much of this spread is due to variations in 
the techniques employed in the various 
diagnostic clinics. 

The authors do not believe it is realistic 
to present a simple list of diagnostic pro- 
cedures each with its own specific and 
single value of associated gonad dose, 
with the idea that such a list will have gen- 
eral applicability. The inherent and large 

variation in procedures among different 
clinics, and even within a department, pre- 
cludes this. Of course, it is possible to make 
measurements or calculations which apply 
with precision to a given technique under 
specified conditions. More useful is a range 
of values for a given technique extending 
from the minimum possible up to values 
more representative generally. 

In the tables which are included the 
examination is ordinarily roentgenographic, 


‘unless fluoroscopy is designated. Values 


are also ordinarily for single films. The 
added filtration, when specified, is given in 
millimeters of aluminum. Kvp. refers to 
the peak kilovoltage while mas. represents 
milliampere-seconds. The doses are always 


TABLE II 


RADIATION DOSE (mr) IN EXAMINATION OF THE PELVIS 


Ref- ate | Skin | Testes | Ovary 
erence, Type of Examination | D D Teas kvp. | mm.Al| mas. Remarks Authors 
| Dose | Dose lose 
8 | Pelvis, anteroposterior 500 | 550 200 66 | 100 | Billings e¢ a/. 
| Pelvis, anteroposterior | 350 | 350 | 1g5 | 120 | 16 |-High voltage 
29 | Pelvis, anteroposterior | 5,300 | 600; 58 | 1 420 Ritter et al. 
| Pelvis, lateral | 21,000 2,800 74 I 750 | 
21 | Pelvis, anteroposterior | 1,300 2 | Kirsh 
16 | Pelvis, anteroposterior 1,100 | | 60 0.5 10 | | Haediaeee and howe 
32 | Pelvis, anteroposterior | 4,700 1,100 210 65 | 100 "Stanford a ond 
22 | Pelvis, anteroposterior | | 140-] 50--| Martin 
| | 2,600 700 | | 
Pelvis, anteroposterior | | | 20-| | High voltage 
| 170 | 
Pelvis, lateral | | I ,400-| 
| 1,700 
Pelvis, lateral 220-| | | High voltage 
| 1, §00 
2 | Pelvis, anteroposterior | 480 | 20 | 80} 75 3 80 | ery rubber shield | Ardran and Crooks 
| | over testes 


968 J. S. Laughlin, M. L. Meurk, I. Pullman and R. S. Sherman. Decemser, 1957 


Taste III 
RADIATION DOSE (mr) IN PELVIMETRY EXAMINATION 
Ref- 
Skin Fetal | Ovary 
Type of Examination kvp. |mm.Al| mas. Remarks Authors 
29 | Pelvimetry, anteroposterior § ,000 400 400 65 I 300 Ritter e¢ a/. 
Pelvimetry, lateral 26,700 | 1,300} 3,500 78 I 780 
Pelvimetry, inlet 14,000 goo 400 75 I 420 
6 | Pelvimetry, lateral I ,200 Berman 
Pelvimetry, inlet 400 
Pelvimetry, outlet 400 
30 Pelvimetry | 2, 100— Four films Sonnenblick 
2,900 
26 | Pelvimetry, lateral 120 ,000 6,000 | 80 400 Osborn 
Pelvimetry, oblique anteropos- | 50,000 | 3,000 | 80 400 
terior 
Pelvimetry, lateral 120 ,000 | 30,000 80 400 | Vertex  presenta- 
tation, male fetus 
Pelvimetry, oblique anteropos- | 50,000 | 15,000 | 80 400 | Vertex _presenta- 
terior tion, male fetus 
93 | Pelvimetry, lateral 8 ,coo— 400- 230-| 84 400- Stanford 
20,000 | 1,000 | 1,300 750 
Pelvimetry, oblique anteropos- | 16,000} 230-| 84 600- 
terior 30,000 | 1,800 | 1,300 | 1,200 
Pelvimetry, lateral 2 Vertex presenta- 
§ ,000 tion, male fetus 
Pelvimetry, oblique anteropos- 5,000 Vertex _ presenta- 
terior 7,000 | tion, male fetus 
24 | Pelvimetry, lateral 36, 500 3,700 | 82 400 | Moloy and 
Swenson 
Pelvimetry, anteroposterior 8,400 I ,400 82 40 | Two films 
Pelvimetry, anteroposterior 45° | 1,400 200} 82 60 
14 | Pelvimetry, lateral 40,000 4,200] 8 5 450 Haas et a/. 
Pelvimetry, anteroposterior 14,000 3,000 85 100 | Two films 
Pelvimetry, anteroposterior 45° | 1,500 300 85 60 
7 | Pelvimetry, lateral 5,800 100 100 | 120 I 75 Bewley et al 
Pelvimetry, inlet II,500 | 2,800 20 | 120 I 130 
Pelvimetry, outlet 2,600 500 30 | 108 I 75 
9 | Pelvimetry, lateral 60-| 85 I 3ceo | Fetal gonads out- | Claytoneta/. 
2,250 side primary beam 
Pelvimetry, outlet 210 70.4) 4 160 | Fetal gonads out- 
side primary beam 
Pelvimetry, inlet (Thom) 3,000 1,400 80 I 400 
Pelvimetry, inlet (modified 400 | 80 I 200 | Fetal gonads out- 
Thom) side primary beam 


in milliroentgens (mr). For the practical 9g cm. below the surface in the mid-frontal 


purposes of radiation safety these may be 
considered equal to millirads and millirem. 

Pelvis. In Table 11 there are collected 
some of the published measurements and 
calculations for roentgenography of the 
pelvis. Billings, Norman, and Greenfield® 
employed a wooden phantom into which 
calibrated Victoreen thimble chambers 
were inserted in ovary and testes positions. 
The locations of the ovaries were specified as 


pelvic plane, 11.5 cm. above the pubic 
symphysis, and 4.5 cm. from the midline on 
each side. The testes measurements were 
made at the caudal midpoint of the trunk 
phantom 2.5 cm. beneath its anterior sur- 
face. Filtration and film type are not speci- 
fied. They demonstrate some advantage 
with the use of high voltage. Ritter, 
Warren, and Pendergrass”® reported a com- 
prehensive series of measurements of expo- 


“4 
a 


VoL. 78, No. 6 


sure dose-rate for a large variety of tech- 
niques. They measured the output in air, 
and calculated skin dose and the depth 
dose at 10 cm. with the aid of specified 
tables. Their paper also contains integral 
dose calculations, absorption curves for 
different qualities of diagnostic roentgen 
rays, and other useful information. Kirsh 
has reported chamber measurements on 
the skin of patients, and also on the scro- 
tum for other techniques. Handloser and 
Love’ have reported skin dose measure- 
ments for a variety of techniques. Stanford 
and Vance® employed calibrated chambers 
which they placed on the scrotum in males. 
For females they measured the ratio of 
ovary dose to surface dose in cadavers and 
made surface dose measurements with pa- 
tients. 

Martin” has reported a survey of diag- 
nostic techniques based both on his own 
measurements and also on calculations. He 
employed ionization chambers placed in 
contact with the scrotum, and for females 
a chamber was either placed in the pos- 
terior fornix or on the skin above the 
ovaries, and depth dose data were used to 
estimate the ovary dose. His results em- 
phasize the advantage of high voltage tech- 
niques. Ardran and Crooks!” have made 
measurements for a variety of techniques. 
They employed calibrated miniature ioni- 
zation chambers on the scrotum for male 
gonadal doses. They also employed a phan- 
tom of Mix D g inches thick to represent an 
average patient. They used chamber meas- 
urements midway through the phantom for 
ovary dose values. In their techniques they 
employed heavy filtration, fast film, small 
fields, and scrotum shields. Their results 
probably represent the minimum doses 
possible at the time the measurements were 
made. 

Table 1 displays testes doses for antero- 
posterior roentgenography of the pelvis 
which range from 20 mr to 2,600 mr per 
film, and ovary doses from 50 mr to 700 
mr. Ovary doses from 220 mr to 2,800 mr 
are reported for the lateral view. The ad- 
vantages of the use of higher voltage or 
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heavy filtration, small fields, fast film, and 
scrotum shields are particularly apparent 
for this type of examination. 

Pelvimetry. Table 111 summarizes most of 
the reported measurements or estimates of 
fetal gonad dose and ovary dose for pelvim- 
etry examinations. As described above, 
Ritter e¢ a/.2* measured air doses and cal- 
culated the dose at specified depths. Son- 
nenblick** employed calibrated chambers in 
the posterior vaginal fornix. Berman® 
used a calibrated thimble ionization cham- 
ber to make measurements of the fetal 
head. Haas e¢ a/.4 employed a Victoreen 
thimble chamber on the skin and against 
the cervix for their measurements. Bewley 
et al.’ constructed two plaster casts of 
different sizes modeled on patients. Wires 
were mounted inside for anatomic refer- 
ence and the casts were filled with bolus. 
Ionization chambers were located super- 
ficially and internally and a correction was 
applied for the attenuation by the plaster. 
Ilford Red Seal film, high kilovoltage 
screens, and restricted field sizes were 
employed. Clayton e¢ a/.* measured the dose 
at carefully specified points in a water 
phantom to obtain ovary and fetal doses. 

Comparison of the results in Table 1m 
indicates that the techniques described by 
Bewley et al. produced maternal ovary 
doses approximately an order of magnitude 
lower than those produced by more con- 
ventional techniques. Their reported fetal 
doses were also significantly less than 
most. Assuming the film quality is ade- 
quate for diagnosis, this comparison em- 
phasizes the importance of field size limita- 
tion, angulation to avoid the fetal gonads, 
and ‘the use of fast film and high voltage. 

Intravenous Pyelography. The results of 
the comprehensive analysis of diagnostic 
procedures by Ritter e¢ a/.?* which are 
applicable to intravenous pyelography are 
presented in Table 1v normalized to four 
films. Weens e¢ a/.** have employed minia- 
ture ionization chambers in the vaginal 
fornix of patients for a variety of pro- 
cedures. The chambers were calibrated by 
comparison with a large calibrated thimble 
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IV 
RADIATION DOSE (mr) IN UROGRAPHY (NORMALIZED TO 4 FILMS) 
Ref. | | | 
ae Skin | Testes | Ovary | mas. | 
‘No. | Type of Examination | | | Does kvp. | Remarks | Authors 
29 | Intravenous Pyelography | § 200 | 650 62 | 1 100 | | Ritter et ai. 
| Intravenous Pyelography | | 20-40 | Weens ef ai. 
21 | Intravenous Pyelography 6 ,800 1,200 | 2 | | | Kirsh 
28 | Intravenous Pyelography | 5,000 | I | 100 | | Poppel et ai. 
| (air) | | | | 
22 | Intravenous Pyelography | 560 1 ,000 | | | | Martin 
Bladder 790 | 600 | 
Kidney | 10 120 | | 
2 | Bladder 1,920 | 40 aca A 3 80 | Testes protected | Ardran and Crooks 
by lead rubber 
Kidney | 1,920 2: | 380 
32 | Bladder 3330 | 124 306 2 | Oo 100 | Stanford and Vance 
Kidney 31330 | 92 | 267 | 100 
18 | Urographic Survey | 160 | 880 | 72 | 2.5 | 100 | Hol and Koren 
Urographic Survey 60 | | | 
Urography, bladder 400] 1,120] 72 | 2.5 100 
Urography, bladder 160 440] 120 | “2.5 13 
Urography, kidney 96 | 72 100 
Urography, kidney | | 48 | 120 | 2.5 13 | 


chamber in the useful beam (presumably in 
air) for the quality of incident roentgen 
rays employed. Their value is the lowest 
reported. Kirsh*! has reported direct meas- 
urements on the scrotum of male patients 
for added filtration of o, 1, and 2 mm. Al. 
For four films with 2 mm. Al he observed a 
skin dose of 6,800 mr and a testes dose of 
1,200 mr for intravenous pyelography. 
Poppel e¢ a/.?* have reported an air dose of 
5,000 mr for four films. 

Martin” employed calibrated chambers 
on the scrotum, and in the case of females 
he measured the skin dose and calculated 
the ovary dose. His results on a four film 
basis are testes 5,000 mr and ovaries 1,000 
mr. Stanford and Vance® reported values 
in essential agreement. Ardran and Crooks? 
have also recently reported values for this 
procedure based on the use of calibrated 
chambers on the scrotum of patients, and 
skin dose measurements for females. The 
reduced testes values are due primarily 
to the use of a lead rubber shield. Hol and 
Koren'* have compared high and low volt- 


age techniques for a urographic survey film 
(multiplied by 4 in Table rv) and for kidney 
and bladder spot films. Their high voltage 
results are in reasonable agreement with 
those of the English authors; their kidney 
values are the lowest reported. They em- 
ployed a restricted field size and reported 
that the testes values increased by a factor 
of 8 when a wide field was employed. 

For retrograde pyelography specifically 
we have not seen any measurements for the 
United States, but no major differences 
would be expected. Martin” has reported 
a testes dose of 700 mr for 2.9 films and an 
ovary dose of 800 mr for 3.7 films. However, 
there are data for Denmark" which indi- 
cate higher doses for retrograde pyelo- 
graphic examinations than for the intrave- 
nous procedure, though the numbers of 
films may not have been the same. 

Urethrocystography. No measurements 
are reported for this technique in the 
United States. Hol and Koren!* have re- 
ported a testes dose of 550 mr for 72 kv. 
and 110 mr for 120 kv. Other Scandinavian 
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TaBLe V 
RADIATION DOSE (mr) IN EXAMINATION OF THE STOMACH AND UPPER GASTROINTESTINAL TRACT 
erence Type of Examination Keates Seer) Technics! | Remarks Authors 
No. | jose | Dose Dose | Factors | 
34 | 100-| 85 kvp. Up Jpper gastrointestinal | Weens al. 
Spot films joo | 2.§ mm.Al | tract 
5 | Fluoroscopy | 124,000-| 5 cm. depth 19 ,000-| | Upper gastrointestinal | Bell 
205,000 | | | tract 
| to cm. depth | 6,500 | 
24,000 | 
Roentgenography— films 6, 500 | 5 cm. depth | 2,250 | 80 kvp. 
| 10 cm. depth 820 | 0.5 mm.Al | 
| | 150 mas. total | 
8 | Roentgenography—1 film | 360 | 0 o-| 120 kvp. | Stomach Billings e¢ a/. 
| $0} 20 mas. 
29 | Roentgenography, postero- | 1,000 | puees of Sia ote kvp. Stomach and duodenum | Ritter e¢ a/. 
| anterior and oblique | 1,400 | 3,000 | 1 mm.Al | 8 spot films, § serial 
| 75 mas. | films, 
| | | 10 min. fluoroscopy 
Fluoroscopy, 10 min. | | 80 kvp. 
| 1.§mm.Al | 
28 | Roentgenography, 8 ante- | 20,000 1 mm.Al Upper gastrointestinal ] Papel etal. 
| roposterior, 6 oblique and 1 | | ; | 1,275 mas. | tract 
| lateral | | 
Fluoroscopy, 2 min. 1§ ,000 | 
22 | Roentgenography, 1 film | | 1o— | Upper gastrointestinal | Martin 
| | | | 1,100 | | tract 
| | 180 | 150 | | Stomach 


values range from 4,000 mr to 8,000 mr for 
the testes and from 300 mr to 669 mr for 
the ovaries for examinations consisting of 
several films. 

Hysterosalpingography. Billings et ail.§ 
have reported phantom measurements for 
salpingography. They employed a wooden 
phantom of unit density into which cali- 
brated chambers were inserted. Per expo- 
sure (62 kv.—100 mas.) they observed a 
skin dose of 500 mr and an ovary dose of 
200 mr. Martin” has reported 2,500 mr 
ovary dose for a total examination. Barnett 
et al have reported doses ranging from 
1,700 mr to 3,600 mr for a combination of 
fluoroscopy and roentgenography in hys- 
terosalpingography. 

Stomach and Upper Gastrointestinal Tract. 
Table v summarizes observations in the 
literature for both roentgenography and 
fluoroscopy. The range of values is great 


and indicates that with conventional tech- 
niques the ovaries, and also the testes 
when not shielded, will receive a few hun- 
dred mr in a complete series. The advantage 
of high kilovoltage is demonstrated by the 
results of Billings et a/.* 

Lower Gastrointestinal Tract. Table vi 
summarizes measurements made in both 
the United States and Great Britain. 
Fluoroscopy and roentgenography are indi- 
cated separately where possible. The data 
are few and scattered. It appears that, with 
conventional techniques, the gonads may 
be expected to receive a few hundred milli- 
roentgens in a complete examination. How- 
ever, the work of Stanford and Vance™ and 
of Ardran and Crooks? indicates that the 
use of image intensification and testes 
shielding, etc., can reduce the fluoroscopic 
dose by an order of magnitude. 


Abdomen. In Table vir the work of both 
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Taste VI 


RADIATION DOSE (mr) IN EXAMINATION OF THE LOWER GASTROINTESTINAL TRACT 


Ref- 


| Skin Testes Ovary | Technical 
Type of Examination | po | Dose Remarks | Authors 
5 | Fiuoroscopy 1. 5-4 min. §0,000-| § cm. depth | 13,000- Colon, 75 cm.? field | Bell 
130,000 | Io cm. depth | 34,000 | | 
| 
13,000 | 
34 | Fluoroscopy 100-| 85 kvp. Colon ‘Weens et ai. 
| 800 | 2.5 mm.Al 
§30 mas. 
Rcentgenography | 85-85 mas. | Spot films 
| 20 mas. 
| 72-98 kvp. | Large films 
| 20-60 mas | 
29 | Fluoroscopy, § min. Center of Abdomen, | Barium enema | Ritter et al. 
Roentgenography 2,000 3 spot films 
3 posteroanterior films | 
21 | Fluoroscopy | 4,9¢0 | 2mm.Al Barium enema Kirsh 
Roentgenography 2 spot films 
| 2 large films 
28 | Flucroscopy, 2 min. 15,000 Barium enema Poppel et al. 
Roentgenography 11,800 | Imm.Al | Two anteroposterior, 
| | 600 mas oblique films 
22 | Roentgenography 130 520 Barium enema, 3 films | Martin 
32 luorescopy 15,000 | 40 20 | 70 kvp Barium enema Stanford and 
360 mas Vance 
15,000 | 20 | 9 | 70 kvp Barium meal 
| 360 mas 
2 | Fluoroscopy, § min. | 1,500] § | 5 | 75 kvp Barium meal | Ardran and 
Image intensification | 150 mas. | Crooks 
5 mm.Al 


Billings e¢ a/.8 and Ardran and Crooks? 
emphasizes the advantage of high kilo- 
voltage or high filtration in the reduction of 
dose. Conventional techniques appear to 
produce an ovarian dose of approximately 
100 mr to 200 mr whereas less than 100 mr 
can be obtained with the harder quality of 
roentgen rays. 

Abdomen (Obstetrical). Table vit sum- 
marizes the work from three laboratories 
in England. The values for both the ovary 
dose and the fetal gonad dose are seen to 
vary widely. Stanford and Vance* indicate 
that the use of high kilovoltage (compari- 
son of 80 kvp. with 120 kvp.) reduces the 
skin dose by a factor of 2. Comparison of 
the lateral film values of the other two 


groups does not bear out the expected 
advantage of higher kilovoltage, which is 
due to other factors such as angulation and 
field size. 

Bewley et al.’ employed two phantoms 
formed of plaster casts as described above. 
Clayton et a/.® employed a water phantom 
and an ionization chamber to measure dose 
at various pertinent depths. 

Cholecystography. For this examination 
the data are also few and scattered (Table 
1x). Although an ovary dose of about 100 
mr per film appears probable with conven- 
tional techniques, Stanford and Vance” 
have reported only about 5 mr to be pos- 
sible. As emphasized in a recent article by 
Ardran,’ such variation is to be expected 


— 
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VII 
RADIATION DOSE (mr) IN EXAMINATION OF THE ABDOMEN 
Ref- | Skin | Testes | Ovary Technical 
erence Type of Examination | aa Remarks Authors 
ml ) | Dose | Dose | Dose | Factors 
8 | Roentgenography 460 | o 155 | 62kvp Comparison of conven- Billings e¢ a/. 
| 100 mas tional and high voltage 
exposure 
210 75 | 120 kvp 
| IO mas 
29 | Roentgenography | 2,400 | | §8 kvp. | Ritter et al. 
| | 1 mm.Al | 
| | 210 mas. | 
28 | Roentgenography | 1,250 | 100 mas. | 
I mm. Al | 
32 | Roentgenography | 2,200 | 69 | 200 | 72 kvp. Stanford and Vance 
| | Too mas 
2 | Roentgenography, anteroposterior | 360] 0.5 75 | 75 kvp. | Lead rubber shield over | Ardran and Crooks 
| 3 mm.Al | testes 
| 100 mas. 
Roentgenography, anteroposterior | 130 | 1.5 20 | go kvp. | Barium meal, prone 
| 3} mm.Al 
| | | 


and depends critically on field size and pre- 
cise field location. 

Chest. Measurements of the gonadal dose 
for chest examination are difficult because 
of the small magnitude and the degraded 
quality of the radiation. As seen in Table x 
the values cover a wide range and the 
relative magnitude of reported male and 
female gonadal dose is reversed for differ- 
ent observers. Even in the case of the much 
larger skin dose there is wide variation. 
These variations are due in part to the 
differences in technique such as amount of 
filtration, kilovoltage, angulation of cone, 


size of field, film speed, etc. 

Possibly more important than gonad 
doses for chest examination is the dose re- 
ceived by blood forming cells. This is also 
discussed below. 

Spinal Examination. Table x1 sum- 
marizes reported data for examinations of 
the cervical spine, dorsal spine, lumbar 
spine, and the lumbosacral joint. Despite 
the appreciable skin doses, the exposure of 
the gonads can be held to low levels for 
dorsal spine examinations. In the case of 
the lumbar spine examinations, all of the 
data emphasize the advantage of heavy 


Taste VIII 


RADIATION DOSE (mr) IN THE EXAMINATION OF THE ABDOMEN (OBSTETRICAL) 


Skin Fetal Ovary 
erence Type of Examination | Deee Dose kvp. |mm.Al| mas. Authors 
No. | | 
7 Roentgenography, lateral | 2,400 | 200 I ,000 Ill I 50 Bewley et a/. 
| Roentgenography, posteroanterior I , 300 150 200 | 99 I 50 
9 | Roentgenography, lateral | 100 20-450 67.5 I 120 || Clayton et al. 
Roentgenography, posteroanterior 30 go | 60 I 100 
Roentgenography, anteroposterior 21 100 62 I 100 
32 | Roentgenography 2,600 260 80 | Stanford and Vance 
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Type of Examination 


Roentgenography, 3 postero- 
anterior, 1 oblique film 


Roentgenography, 1 film 
Roentgenography, 1 film 


Roentgenography, 1 film 


Skin 
Dose 


TABLE IX 


Testes 
Dose 


Ovary 


| 


Dose 


| Center of Abdomen, 
I 


filtration or high kilovoltages. The use of 
lead rubber or other scrotum shields _re- 
stricts the testes dose, but the ovary dose 
remains appreciable. For examinations of 


RADIATION DOSE (mr) IN CHOLECYSTOGRAPHY 


Technical | 
Factor | 
| 


60 kvp. | Gallbladder 
1 mm.Al | 


Authors 
| Ritter et ai. 


150 mas, 
| Gallbladder | Martin 
| Cholecystography 
| 7okvp. | Cholecystography | Stanford and Vance 


the lumbosacral joint, the ovaries receive 
a few hundred milliroentgens even with 
high voltage. 


Dentistry. The results 


TABLE X 


for dentistry will 


Ref- Skin Testes | Ovary | | 
erence Type of Examination D D. kvp. mm.Al| mas. | Remarks Authors 
No. lose lose jose 
| | 
29 | Posteroanterior 60 | 59 I | 24 | | Ritter e¢ 
| | 
| al. 
Oblique 70 | at. 
Posteroanterior (Bucky) 220 | 64 | I 36 | 
Lateral (Bucky) 430 | 36 
16 | Posteroanterior | 50 | |. 99 | 0.5 20 | | Handloser 
| | and Love 
21 | Posteroanterior 31 | | | 2 | | Kirsh 
Lateral | 400 | | | 2 
28 | Anteroposterior, 1 film 190 | | | I 55 | Poppel et 
Lateral, 1 film | | | al. 
Anteroposterior (Bucky), 1 film | 500 | | I 150 | 
Lateral (Bucky), 1 film | | | | 
5 | Fluoroscopy 16 , | 70-84 | | 180- | 16,500/min. Bell 
| 65,000 | | 720 | 
8 | Posteroanterior | 15 |o lo | 62 | 13 | | Billings e¢ 
| | al. 
Posteroanterior, high voltage | 30 | © lo | 120 0.7 
Photofluorography | | 3 | 
Posteroanterior 23°10 | 2 | 45 10 Babies | 
32 | Posteroanterior 160 | 0.36 | 0.07 68 ° Phototimed | Stanford 
| | | and Vance 
Lateral | 420 | 0.36 | 0.07 | 68 ° Phototimed | 
Laminagraphy 360 | 6.2 Ly ° §0 
Photofluorography 0.25 0.15 | ey ° 24 | 
22 0.07-1.6 | 0.3 -8.g | | | Martin 
| | 0.12-0.6 | High kilovoltage | 
2 | Posteroanterior 8 | 0.01 | 0.02 | go | % | 3 | Ardran 
Anteroposterior Laminagraphy | 0.01 0.02 
Fluoroscopy, Image intensifica- | goo | 3 3 aoe 5 | gO | 3 min. 
tion | | | | | 


: | | | | 
3 50 
3 go 
RADIATION EXPOSURE IN CHEST EXAMINATION 
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TaBLe XI 
RADIATION EXPOSURE (mr) IN EXAMINATION OF THE SPINE 
Ref- | Ski | Test O 
var 
No. | Type of Examination | | kvp. _mm.Al| mas. | Remarks | Authors 
29 | Cervical Spine, anteroposterior | 1,200 54 zr | i590 | Ritter et 
al. 
| Cervical Spine, lateral | 400 | 64 1 | 150 | 
22 | Cervical Spine Laie 0.5 | Martin 
32 Cervical Spine, anteroposterior | 1, 500 | 0.27 | 0.06 58 o | I00 | Stanford 
Cervical Spine, lateral | 1,100 | 0.92 | 0.20 70 o | 150 | | and Vance 

29 Dorsal Spine, anteroposterior | 4,500 58 I 380 Ritter e¢ 
Dorsal Spine, lateral 4,000 | 70 I 180 | | al. 

Dorsal Spine, lateral | 6,000 | 58 I 480 | 
Dorsal Spine, anteroposterior | 2,700 | 64 1 210 | Laminagraphy | 
| Dorsal Spine, lateral | 1,800 | 5 I 105 | Laminagraphy | 

22 | Dorsal Spine 7 60 | Martin 

32 | Dorsal Spine, anteroposterior | 4,700 | 8 1 62 ° 200 Stanford 
Dorsal Spine, lateral | 10,500 13 68 and Vance 

2 | Dorsal Spine, anteroposterior 480 I 75 Ardran 
and 
| Crooks 
8 | Lumbar Spine, anteroposterior | 660 ° i ae 72 | 100 | Billings 
| Lumbar Spine, anteroposterior 250 ° 95 120 | 13 | High voltage et al. 
| Lumbar Spine, lateral 800 ) 80 lower 78 | 200 | 
| | \480 upper | 
Lumbar Spine, lateral geo | | {100 lower | 120 | 70 | High voltage | 
| | (soo upper | | | 

25 Lumbar Spine | Center of Abdomen 5,000 | Three films Moore 

29 | Lumbar Spine | Center of Abdomen 8,000 | Five films Ritter ef 

| al. 

22 | Lumbar Spine, anteroposterior | | 479.5 20-160 | Martin 
Lumbar Spine, anteroposterior | 7.6-13 | High voltage | 
Lumbar Spine, lateral | 20-36 60-300 
Lumbar Spine, lateral 20 High voltage 

32 Lumbar Spine, anteroposterior | 5 ,200 24 227 68 ° 200 | Stanford 

| | and Vance 
Lumbar Spine, anteroposterior 1,000 6 40 120 ) 20 | High voltage | 
| Lumbar Spine, lateral 12,400 26.6 86 72 ° 500 | } 
| Lumbar Spine, lateral 4,800 7 16 120 ° 60 | High voltage | 
2 | Lumbar Spine, anteroposterior 480 | 0.5 95 75 3 80 | Ardran 
Lumbar Spine, lateral | 2,000 | 2.25 270 85 3 300 | | and 
| Crooks 
8 | Lumbar Sacral, lateral 2,050 ° {60 upper) 120 100 | Billings et 
lower | al. 

32 | Lumbar Sacral, anteroposterior | 4, | 2 220 80 ° 300 | Stanford 
Lumbar Sacral, anteroposterior | 1,000 | 120 fe) | High voltage | and Vance 
Lumbar Sacral, lateral 17,000 80 
Lumbar Sacral, lateral | 8,800 1S 800 120 ° 350 | High voltage | 

22 | Lumbar Sacral 30 250 | Per film | Martin 

2 | Lumbar Sacral, lateral | 3,000 a 350 St 4 400 | | Ardran 
| and 
Crooks 
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be discussed only briefly here. Though most 
reports indicate a skin dose of several 
roentgens per film, the use of filtration, 
long cone, and fast film reduces the skin 
dose to less than o.1 r per film. With the 
short cone technique, an ovary dose of 
0.06 mr per film has been reported® and 
0.34 mr for the testes. The male dose can 
be reduced to essentially zero with shield- 
ing. Gonadal doses are highly dependent 
upon patient posture and tube angulation. 

Comments on Tables. A few conclusions 
emerge from a study of these tables. Not all 
techniques, particularly fluoroscopy, have 
been adequately studied. Wide variations 
exist in the reported values of skin and 
gonadal dose. Though some of this may be 
due to different measurement procedures, 
most of it is probably a reflection of the 
real and large differences which exist among 
radiologists, depending on the filtration, 
field size, angulation, use of protective 
shields, kilovoltage employed, film and 
screen speeds, etc. Attention to all of these 
factors produces important decreases in 
dose. 

As has been emphasized by others,’ these 
variations are real. This makes it meaning- 
less to specify a single value for each type 
of examination as having general applica- 
bility. 


MEASUREMENT OF BONE, SKIN, AND 
GONADAL DOSE FOR CHEST EXPOSURES 


Measurements are reported here which 
have been made with the phantom de- 
scribed above for three procedures which 
yield posteroanterior roentgenograms for 
the chest. The purpose of these measure- 
ments was to obtain the relationship be- 
tween the bone marrow dose and skin dose 
for a common examination in which much 
of the active bone marrow is exposed. The 
three procedures were examined as they 
were being carried out in actual practice 
and the absolute values of the measured 
doses definitely do not represent the mini- 
mum obtainable. Nor are the three pro- 
cedures comparable since they were used 
for different roentgenographic criteria of the 


necessary density for a diagnostically 
suitable film; different darkrooms were in- 
volved; and other factors such as the film, 
developing time, and developer were differ- 
ent. The three procedures were: roentgen- 
ography with conventional 14X17 inch. 
film, photofluorography with 70 mm. 
film and f 1.5 lens, and photofluorography 
with mirror optics. 

In this survey Landsverk “finger” ioni- 
zation chambers (L-81) were employed be- 
cause our own model described above was 
still in the developmental stage. These 
chambers had the least energy dependence 
in the diagnostic region of those com- 
mercial chambers available to us. They 
were calibrated individually and had re- 
sponse variations of about 35 per cent from 
0.5 mm. Al half value layer to 3.0 mm. Al 
half value layer. 

It was found, however, that the charging 
voltage of the Landsverk electrometer 
(model L-60) was not adequate for the 
chambers with the high dose rates en- 
countered in diagnostic work. A Baldwin- 
Farmer electrometer was fitted with 
adapters to accommodate the Landsverk 
chambers, so that they were charged at 250 
volts which allowed their use at high dose 
rates. The ionization chambers were used 
within the phantom at three positions in 
the spine (C7, T6, and Lr), two in the 
scrotum, two over the ovaries, and one 
each on the entrance and exit skin field sur- 
faces. 

The techniques employed were based on 
the size and shape of the phantom, which 
represents a medium sized young adult. A 
roentgenographic unit was set up exactly 
in the same manner as for a routine up- 
right posteroanterior roentgenogram of the 
chest. The physical factors were: 85 kv., 
15 mas., and 72 inches target film distance. 
The cone used was the small (13.5 cm. 
diameter) circular one supplied by the 
manufacturer for chest work. With this 
cone there was an 83 cm. diameter radia- 
tion field at the film. The film was Eastman 
Kodak Blue Brand with two Patterson 
Parspeed screens. No grid was used. There 


4, 
4 
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was an added filter of 1.5 mm. Al on this 
unit and the absorption curve indicated a 
half value layer of 2.7 mm. Al. All measure- 
ments were made with the phantom 
duplicating the patient position at a wall 
mounted film holder. 

One of the photofluorographic units em- 
ployed had an f 1.5 camera lens, while the 
other had mirror optics. Both were photo- 
timed and had a 4o inch target film distance 
and grids. 

The first unit was operated at go kv. with 
an added filter of 2.5 mm. Al, corresponding 
to a measured 3.2 mm. Al half value layer. 
The field size at the screen was 53X49 cm. 
for the vertical and horizontal dimensions, 
respectively. The film used was Ansco 
photofluorographic green sensitive film. 
The unit was operated so as to produce less 
dense images in the film than the second 
unit. 

The second unit was operated at 93 kv. 
with an added filter of 1.5 mm. Al which 
produced a measured half value layer of 2.6 
mm. Al. The film employed was Eastman 
Kodak Photoflure green sensitive film. The 
radiation field at the screen was 46X46 
cm. 
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It is emphasized that these units were 
not operated in a comparable technical 
manner, or for the same film density. How- 
ever, they were all employed in a respon- 
sible manner to produce films of adequate 
diagnostic quality for the various radi- 
ologists concerned. 

All measurements made on the units 
were timed by counting the number of 
pulses of roentgen rays as indicated by the 
shadow of a spinning top. This was neces- 
sary to check the reproducibility of the 
phantom exposures, to check the similarity 
of exposure for a group of patients and 
the phantom, and to time the exposures 
made in the determination of the absorp- 
tion curves. The reported doses are aver- 
ages with the standard deviations indi- 
cated for the entrance skin doses. The 
variation in the smaller doses is greater. 
These measurements are to be repeated 
when several of the conducting polystyrene 
chambers are available. 

Skin Dose. Study of Table xm indicates 
that the doses for the exit skin and various 
spinal positions had the same relation 
percentage-wise to the entrance (posterior) 
skin dose for all three units. In the case of 


TABLE XII 


Roentgenographic Large 


— 
| Photofluorographic Unit with f 1.5 Lens | 


mr/exposure Per Cent 

Skin 59+9 100 
Exit 4 6 
Spine 

7 16 28 

T6 | 26 44 

= 25 42 
Testes I 2 
Ovaries | 3 5 
kv. 85 
mas. 1S 
Target Film Distance 72 in. 
Field Size at Screen or Film) 83 cm.dia 
Added Filter 1.5 mm.Al 
Half Value Layer 2.7 mm.Al 


Film Eastman Kodak Blue Brand 


Screen Patterson Parspeed 


AVERAGE RADIATION DOSES (mr) FOR POSTEROANTERIOR CHEST ROENTGENOGRAM* 


| Photofluorographic Unit 
with Mirror Optics 


| mr/exposure Per Cent Per Cent 
§20+22 100 100 
41 8 8 
144 28 23 
223 43 37 
169 33 28 
2 0.4 
I 0.2 0.4 
ge 93 
30 
40 in. 40 in. 
§3 cm.X 49 cm. 46 cm. X 46 cm. 
2.4 mm.Al 1.5 mm.Al 
3.2 mm.Al 2.6 mm.Al 
Ansco photofluorographic green sen- 
sitive 


Radelin PFG2 


* These measurements were made to obtain the relationship of bone marrow and gonadal dose to skin dose for three chest pro- 
cedures. The absolute values of these three procedures are not strictly comparable because they were carried out under different op- 
erating conditions. For this reason only the percentages and not the absolute values are included for the photofluorographic unit with 
mirror optics. 


| | 
| 
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the large film roentgenographic unit, al- 
though the smallest cone supplied by its 
manufacturer was employed, the ovaries 
and the pelvis were in the useful beam. 
The ovarian dose percentage of skin dose 
was appreciably higher for this unit than 
for the two photofluorographic units. 

The absolute doses for bone marrow and 
skin were about 10 times higher for the 
first photofluorographic unit and also 
higher for the photofluorographic unit with 
mirror optics than for the large film roent- 
genographic unit. Since the two photofluoro- 
graphic units were not operated under the 
same conditions, the absolute values for 
them are not comparable, and only the 
percentages are given in Table x1 for the 
second photofluorographic unit. 

Bone Dose. The bone marrow doses were 
measured with chambers inside the bone 
and should reflect the attenuation of the 
primary roentgen rays by the bone itself. 
Since some of the marrow is contained in 
small cavities, there is some enhancement 
of the marrow dose adjacent to bone due to 
the relatively increased secondary electron 
production in bone. This effect probably 
does not exceed 10 per cent and has been 
neglected here. 

In the case of the large film roentgeno- 
graphic unit the pelvis was in the useful 
beam. The average bone marrow doses are 
estimated as follows: spinal column, 22 mr; 
ribs, clavicles, scapulae, 14 mr; sternum, 7 
mr; and pelvic bone, 1o mr. An average 
active marrow dose can be estimated if the 
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percentage of total active marrow in each 
of these bones is known. This information 
apparently does not exist. Rough estimates 
by some hematologists result in the follow- 
ing percentages for the regions in the order 
listed above: 40 per cent, 20 per cent, 10 
per cent and 30 per cent, respectively. It is 
emphasized that these percentages are 
speculative and unsupported by measure- 
ment at present. Use of these percentages 
results in an average dose of 15 mr in the 
normally active marrow. For an individual 
with 1,500 gm. of active marrow, this cor- 
responds to an integral dose of 22.5 gm. r 
per large chest film. If the field size were as 
restricted as on the photofluorographic 
units, none of the pelvis and about 70 per 
cent of the spinal column would have been 
in the useful beam. This would have re- 
duced the average dose in the active mar- 
row to about g mr, and the integral dose for 
1,500 gm. of active marrow to about 13.5 
gm. r. 

In the case of the first photofluorographic 
unit, 70 per cent of the spinal column and 
none of the pelvis were in the useful beam. 
On the basis of the data in Table x11 the 
bone marrow doses are estimated as: ir- 
radiated spinal column, 175 mr; ribs, etc., 
125 mr; and sternum, 80 mr. With a small 
allowance for the portion of the spine and 
pelvis outside the useful beam, the average 
dose over the active marrow is 104 mr. 
Again, for an individual with 1,500 gm. of 
active marrow this represents an integral 
marrow dose of 156 gm. r per exposure. A 


TABLE XIII 


ACTIVE BONE MARROW DOSE FOR POSTEROANTERIOR CHEST ROENTGENOGRAM* 


Procedure 


Average Active Bone 
Marrow Dose per mas. 


Integral Dose for 
1,500 gm. Active 


| mr | Marrow per mas. 

| | gm.-r 
Roentgenography (72 in.) | 1.0 (large field) t | 1.57 

0.6 (restricted field) o.9f 
Photofluorography (40 in.) | | 


* Technical factors as given on Table x1t and in text. 
+ Field given by small cone which includes pelvis. 
t Field similar to that of photofluorographic unit. 


; 
; 
‘ 
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photofluorographic unit with mirror optics 
with similar technical factors would pre- 
sumably produce an integral dose of about 
50 gm. r per exposure, still about 4 times 
that produced with the roentgenographic 
unit with a limited field. 

These results are summarized in Table 
x11 per milliampere-second to render them 
independent of the various film and dark- 
room factors. Assuming that modifications 
of film and darkroom techniques would 
permit reduction of the roentgenographic 
exposure to 4 mas. and that a reduction 
of the exposure of the photofluorographic 
unit with mirror optics to 10 mas. is pos- 
sible, the integral doses (per film) would 
then be about 3 gm. r and 52 gm. r, 
respectively. On this basis, four photo- 
fluorograms would be required before the 
patient’s active bone marrow received as 
much integral dose as received annually due 
to natural background (200 gm.-rem per 
year). These integral doses are several 
orders of magnitudes less than those de- 
livered therapeutically'® for which there is 
some evidence of bone marrow damage. 
Other diagnostic and therapeutic tech- 
niques (including radioactive isotope use) 
are being examined with this apparatus to 
determine their active bone marrow doses. 

Gonadal Doses. (1) Shielding of Gonads. 
In Table xtv are data obtained with no 
shield, with a 2-ply Archer glass apron 
wrapped around the pelvis, and with a lead 
rubber apron (0.5 mm. lead equivalent) 
surrounding the pelvis. The Archer glass 
apron was supplied by Dr. N. Finby, New 
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York Hospital, who designed it. In the 
case of the large film roentgenographic unit 
for which the ovaries were in the useful 
beam, a reduction of about two times was 
obtained with the lead glass girdle, and a 
reduction of five times with the lead rubber 
apron girdle. With the photofluorographic 
unit the field size was more limited and the 
reductions in dose are somewhat less, but 
still appreciable. The field size should be 
checked on all units, and the wearing of a 
girdle appears to be of demonstrable value. 

(2) Factors in Estimation of Total Pop- 
ulation Gonadal Dose. As emphasized above, 
the authors do not believe that a given pro- 
cedure can be represented by a single gonad- 
al dose value which will have general appli- 
cation because of the pronounced variation 
among different departments. This varia- 
tion is probably increased among the diag- 
nostic practices of non-radiologists. How- 
ever, if one assumes that a range of valid 


‘gonadal dose values can be assigned to a 


given procedure for patients of a given age 
and sex group and for different categories 
of practitioners, certain additional statistics 
are necessary to obtain an approximate 
estimate of the total gonadal dose. 

(a) The distribution of patients under- 
going each type of examination Ly age and 
sex is necessary. This information exists in 
a convenient form for a few hospitals and 
health plan groups, but this information is 
fragmentary and of questionable general 
applicability. 

The absolute number of patients as well 
as their relative distribution must also be 


TABLE XIV 


USE OF SHIELDS TO PROTECT GONADS 


Large Film Roentgenographic Unit 


Photofluorographie U Unit 


Position 1 Per Cent* 2 PerCentt 3PerCentt | 1 PerCent* 2 Per 3 Per Cent} 
Skin 100 100 100 100 100 100 
Testes 2 0.4 0.8 0.3 0.3 
Ovaries 5 2.8 0.4 0.3 O. 


* No protective shield. 
+ Two-ply Archer cloth apron surrounding pelvis. 
¢ Lead rubber apron surrounding pelvis. 


| 
| 


known. The total number of examinations 
can be estimated independently from data 
on the activities of each of the professional 
categories using diagnostic roentgen rays, 
from statistics of the film companies on 
medical film consumption, from film con- 
sumption statistics of the Department of 
Commerce, from Public Health Service 
data on film consumption, and from United 
Hospital Fund film data. Estimates on 
these various bases are in reasonable agree- 
ment and indicate that there are approxi- 
mately 38 million roentgenographic exami- 
nations annually of which about 32 million 
are made by radiologists or in hospitals, 
that there are about 13 million fluoroscopic 
examinations per year of which slightly 
less than half are performed by radiol- 
ogists or in hospitals, and that there are 
about 3 million photofluorographic exami- 
nations per year in hospitals. The mass chest 
survey is not included in this tabulation. 

(4) The number of films per examination 
should be known for each type of examina- 
tion and as a function of age, diagnosis and 
sex. 

(c) The amount and precise type of 
fluoroscopy must also be known for each 
type of examination and as a function of 
diagnosis, age, and sex. 

These two quantities (a and 4) are known 
only partially for some hospitals and 
essentially not at all for non-radiologists. 

The age of thirty has been found to the 
approximate age of one generation in the 
United States. If the distribution of type 
of examination by age were constant or 
symmetric, the statistics for patients either 
above or below this age could be employed. 
In the absence of valid data on the distribu- 
tion of patients by type of examination, 
age, and sex, this assumption is necessary 
and increases the uncertainty of the result- 
ing estimate. There is some evidence that 
this assumption may not be too unsatis- 
factory. In a comparison of the two meth- 
ods’ (all those below thirty years of age 
versus frequency distribution by age), the 
resultant average gonadal dose agreed to 
within 7 per cent. 
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(d) In order to obtain the genetically sig- 
nificant dose, knowledge of the total gonadal 
dose is inadequate. This is because the re- 
productive expectation of diagnostic pa- 
tients may be different from that of the 
general population. This consideration re- 
quires knowledge of the frequency of births 
to diagnostic patients following exposure as 
compared with the general population. 
Such data would be difficult to obtain. 

If the above statistics were all known, the 
resulting estimate would still be only 
approximate. A more significant estimate 
can be obtained by selecting a representa- 
tive sample of radiation practitioners and 
making a comprehensive study of the radia- 
tion experience of their patients. Such 
selected sampling methods have _ been 
highly developed for other determinations 
and should be applicable to this problem. 


DISCUSSION 


Although reference to the various studies 
of diagnostic exposures tabulated here 
provides an idea of the magnitude to be 
expected for a given procedure, we believe 
that the difference in reported doses re- 
flects real variations. As a_ result of the 
large number of parameters which affect the 
magnitude of the exposure per film, ap- 
preciable differences will probably exist for 
given procedures among the best depart- 
ments. 

Subject always to the requirement of a 
roentgen film adequate for diagnosis, the 
following factors can result in appreciable 
reductions of patient exposure: use of an 
adjustable diaphragm to obtain the 
smallest field size necessary, use of heavy 
filtration and/or high voltage, use of scro- 
tum shields or pelvic girdles, use of fast 
film and optimum developing chemicals 
and temperatures, and the use of image 
intensification where feasible. 

Although much publicity has been di- 
rected towards gonadal exposure, there are 
other body components such as the marrow 
active in blood formation the exposure of 
which should be evaluated for both diagnos- 
tic and therapeutic techniques. 


; 
‘ 
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SUMMARY 


1. Factors which are important in the 
measurement of radiation doses associated 
with diagnostic procedures have been 
discussed. Wavelength dependence and 
directional response properties of a chamber 
developed at Memorial Center, New York, 
have been described together with a phan- 
tom in which tissue, bone, lung and cav- 
ities have been simulated. 

2. The gonadal and bone marrow dose 
produced by natural background radiation 
has been discussed with identification and 
some descriptions of the various sources. 

3. The skin and gonadal doses as re- 
ported in the literature have been tabulated 
for the following procedures: examinations 
of the pelvis, pelvimetry, intravenous 
pyelography, salpingography, examina- 
tions of the stomach and upper and lower 
gastrointestinal tract, examinations of the 
abdomen including obstetrical examina- 
tion, cholecystography, examination of the 
chest, examination of the cervical spine, 
dorsal spine, lumbar spine, and lumbo- 
sacral joint. Details of these studies have 
been commented on. The range of values 
has been emphasized, together with those 
factors which substantially reduced radia- 
tion exposure. 

4. Preliminary measurements are re- 
ported with the use of a special phantom 
for three different chest examination tech- 
niques. The primary purpose of these 
measurements was to determine the bone 
marrow and gonadal doses relative to skin 
and exposure dose. The integral bone 
marrow dose was estimated from these 
measurements and compared with that 
due to natural background. 

5. The results of the above measure- 
ments emphasize the importance of associ- 
ated technical factors; the number of 
parameters in diagnostic technique is 
sufficiently large that measurements with a 
particular unit do not have general applica- 
bility unless all operating conditions are 
identical. 

6. The advantage in reduced radiation 
exposure with the use of limited fields 
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(facilitated by adjustable collimators), high 
filtration or voltage, pelvic shields, and 
fast film are emphasized. 

7. The various statistical quantities 
which are involved in the translation of dose 
measurements into estimates of total pop- 
ulation gonadal exposure are identified 
and some of the present data limitations 
are defined. 


J. S. Laughlin, Ph.D. 

Memorial Center for Cancer and Allied Diseases 
444 East 68th Street 

New York 21, New York 
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PRACTICAL SUGGESTIONS FOR REDUCING RADIATION 
EXPOSURE IN DIAGNOSTIC EXAMINATIONS* 


By LAURISTON S. TAYLORt 


WASHINGTON, D. 


i THE previous articles very good re- 
views were given of the reasons why it is 
necessary to reduce radiation exposure. 
The problem then confronting us is to ac- 
complish a reduction of unnecessary radia- 
tion exposure to all persons to the barest 
minimum commensurate with achieving 
the necessary clinical diagnosis. In this 
process we have to consider protection for 
the physician, together with the protection 
of his technicians or nurses; to minimize the 
dose to the patient and to shield the public 
from radiation exposure over which it has 
no control. 

The details of this report should be well 
known to practically every radiologist; a 


few new facets may be added but, by and | 


large, most of the good advice necessary to 
reduce diagnostic dose is adequately cov- 
ered in the literature. 

Specifically, reference should be made to 
two primary sources of information. The 
first is Handbook 60 on X-ray protection 
prepared by the NCRP in this country. The 
other is the Recommendations of the Inter- 
national Commission on Radiological Pro- 
tection. 

Sections 6 through 10 of Handbook 60 
comprise about 10 pages and if applied 
rigorously will aid considerably in reducing 
exposure of the patient and the physician 
to the lowest practical level. 

If one follows the recommendations con- 
tained in the two sources just mentioned, 
he will be doing nearly all that is possible 
with our present-day modern X-ray equip- 
ment. 


INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION 

D. VIII. 1. General Rules. By X-ray protec- 

tion of the patient it is meant that the radia- 

tion exposure of the patient should be reduced 


as much as 1s compatible with successful 
diagnostic investigation or therapeutic treat- 
ment. 


On the whole our new equipment is being 
manufactured in accordance with the 
recommended requirements, and it is not 
anticipated that any fundamental changes 
in this equipment will result in substantial 
improvements with regard to radiation 
shielding. One cannot help but advise at 
this point that all obsolete equipment 
should be discarded. It is regrettable that 
there is in use in this country too much 
X-ray equipment dating back many years 
which uses such shields as glass bowls with- 
out adequate diaphragm, filters or cones. 

In discussing the available up-to-date 
equipment, let us start with the radiation 
at its source, namely, the roentgen-ray 
tube. 


NCRP Handbook 60 
Definition 

Diagnostic-ty pe protective tube housing. One 
that reduces the leakage radiation to at most 
0.10 r/hr at a distance of 1 m from the tube 
target when the tube is operating at its maxi- 
mum continuous rated current for the maxi- 
mum rated voltage. 


The present-day tube housing is one that 
reduces the leakage radiation to at most 
0.10 r per hour at a distance of I meter 
from the tube target when the tube is oper- 
ating at its maximum continuous rated 
current for the maximum rated voltage. 
Any tube housing providing less protection 
than this should be discarded. Considera- 
tion is being given to the establishment of 
a still lower value. 

The use of proper cones will go far toward 
reducing stray radiation which may reach 
both patient and operator. 


* Presented at the Fifty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., October 1-4, 1957. 
t Chief, Atomic and Radiation Physics Division, National Bureau of Standards, Washington, D. C. 
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NCRP Handbook 60 


6.1.c. The cone shall extend from the tube 
housing to a position as near the panel as 
possible. Its walls shall provide the same de- 
gree of protection as the tube housing, but 
may not require so great a thickness because 
of the obliquity of the rays. 

e. The total filter—permanently in the use- 
ful beam—shall be equal to at least 2 mm. 
of aluminum. 


Section 6.1.c of Handbook 60 says that 
“the cone shall extend from the tube hous- 
ing to a position as near the panel as possi- 
ble. Its walls shall provide the same degree 
of protection as the tube housing... .” In 
this same connection the ICRP recommen- 
dations state that the cone or other re- 
stricting device should be detachable for 
occasional contact roentgenograms, but its 
construction should be such that the ab- 
sence of this cone or other restricting device 
is quite evident. 


INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION 


D. VI. 5. (6) (it). The cone or other restrict- 
ing device should be detachable for occa- 
sional contact radiographs, but its construc- 
tion should be such that, in this case, the 
absence of the cone or other restricting device 
is quite evident. It should be noted that 
damage has occurred to workers and patients 
from contact radiography. 


In this connection it should be pointed 
out that there is frequently a tendency to 
remove the cone for certain types of exami- 
nations and then either forget to replace it 
or to deliberately leave it off because of the 
small nuisance involved. 


NCRP Handbook 60 


6. Medical Fluoroscopic X-Ray Installa- 
tions. 
6.1 Equipment 

a. The tube housing shall be a diagnostic 
type. 

b. The useful beam shall be limited by a 
cone and an adjustable diaphragm that, 
when open to its fullest extent, leaves a mar- 
gin of at least one-quarter inch of unillumi- 
nated fluorescent screen regardless of screen 
position during use. 
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The proper use of diaphragms is im- 
portant in dose reduction, and a require- 
ment of long-standing is that an adjustable 
diaphragm, together with the cone, should 
be such that when open to its fullest extent, 
there is a margin of at least } inch of un- 
illuminated fluorescent screen regardless of 
the screen position during use. 

In connection with diaphragms there are 
some areas where equipment and _tech- 
niques may possibly be further improved. 
In all diagnostic situations the beam that 
strikes the patient should have a shape and 
cross section no larger than is essential for 
the particular examination. This is par- 
ticularly important for fluoroscopy. Some 
authorities recommend the use of adjusta- 
ble diaphragms where each dimension can 
be adjusted independently, thus giving 
fields of any desired dimension. In fluoros- 
copy there may be some virtue in the use 
of spring-back or dead-man shutters. With 
this arrangement the mechanism would re- 
quire the operator’s hand at the controls in 
order to hold the shutters open at whatever 
size desired. In addition to keeping the 
shutter closed when not actually needed, it 
would also induce the doctor to use smaller 
fields because of the additional procedure 
in opening them to full size. 

In radiography the exact positioning of a 
field can be relatively difficult because one 
does not have the aid of a fluorescent screen 
with which to make adjustments. To over- 
come this, field edge illuminators might 
serve usefully. Through the additional em- 
ployment of an adjustable diaphragm, it 
would be possible to use minimum field 
sizes. 

Diaphragming and coning are badly neg- 
lected in the dental field. 


NCRP Handbook 60 


8. Dental Radiographic Installations. 
8.1 Equipment. 

b. Diaphragms or cones shall be used for 
collimating the useful beam and shall provide 
the same degree of protection as the tube 
housing. 

e. The exposure control switch shall be of 
the ‘“‘dead-man”’ type and shall be provided 
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with a cord sufficiently long that the operator 
can stand at least 5 feet from the patient for 
all exposures and well away from the useful 
beam. 


Because the dentist occasionally wishes 
to take a large-field roentgenogram, he may 
remove the limiting diaphragm—if one is 
present initially. Once removed the chances 
are that it would not be replaced. Casual 
questioning of a considerable number of 
dentists indicates that for the most part 
they have no knowledge of the diaphragm 
conditions in their roentgen-ray tube hous- 
ing. 

Still dealing with the radiation source, it 
is, of course, essential to reduce fluoroscop- 
ing time as much as possible. 


NCRP Handbook 60 


6.1.2. The target-to-table panel distance 
should not be less than 18 in. and shall not be 
less than 12 in, 

6.1.1. 4 manually reset cumulative timing- 
device should be used which will either indi- 
cate elapsed time or turn off the apparatus 
when the total exposure exceeds a certain 
previously determined limit given in one or 
in a series of exposures. If the device indi- 
cates elapsed time, it should have a maximum 
range of 5 min. 


Paragraph 6.1.1 of Handbook 60, says 
that a manually reset cumulative timing 
device should be used, which will either 
indicate elapsed time; or turn off the ap- 
paratus when the exposure exceeds a pre- 
viously determined limit given in one or in 
a series of exposures. If the device indicates 
a lapsed time, it should have a maximum 
lapse time of five minutes. The use of such 
a timing device will by its existence have a 
salutory effect on fluoroscopic procedures. 
By setting the time limit short enough, it 
can remind the physician of the need for 
speed in operation. 

Attention is directed in the ICRP report 
to the reduction in patient dose which has 
brought about the use of high voltages and 
high filtrations. This has also been demon- 
strated by work done a few years ago by 
Trout. Curves in the ICRP report give 


Suggestions for Reducing Radiation Exposure 


985 


some idea of how the ratio of exit dose 
versus entrance dose changes as a function 
of voltage and filtration. In connection 
with this, the ICRP report states that in 
order to reduce both the skin dose to the 
patient, and the scattered radiation reach- 
ing the operator, the following recommen- 
dations should be observed: (1) Fast film 
should be used. (2) Higher potentials may 
be frequently used without detriment to 
the diagnostic quality of the film. (3) Added 
filtration of the primary beam up to 3 mm. 
of aluminum should be used. 


INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION 


D. VI. 1. (e) The fixed total filter equivalent 
value should be at least 2 mm. aluminum, 
and should be based on the value obtained at 
the highest voltage of the X-ray apparatus. 


Actually the ICRP recommends a mini- 
mum of 2 mm. of aluminum of filtration for 
roentgenographic and fluoroscopic work. 
The NCRP recommends a minimum of 2} 
mm. of aluminum. 


NCRP Handbook 60 


6.1.1 An apron of } mm. lead equivalent 
hanging between the patient and the fluoros- 
copist in horizontal fluoroscopy is recom- 
mended but shall not substitute for the wear- 
ing of a protective apron. 

6.3 Operation of apparatus. 

a. The fluoroscopic equipment shall be 
operated only by a properly trained person 
authorized by the radiologist in charge to 
conduct fluoroscopic examinations. 


Protection of the physician and the oper- 
ator is one of the less difficult tasks facing 
us. Flexible aprons attached to the appara- 
tus can be used to effectively minimize 
radiation scatter from the patient particu- 
larly in horizontal fluoroscopy. 

Should one mention the wearing of a 
protective apron or robes? Too often they 
are omitted. Should one mention lead rub- 
ber gloves? 


NCRP Handbook 60 


6.3.4. Unless measurements indicate that 
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they are not needed, protective aprons shall 
be worn by the physician, nurse, technician, 
and all other persons within the fluoroscopic 
room who are frequently or habitually ex- 
posed to radiation hazard. 

e. Unless measurements indicate that they 
are not needed, protective gloves shall be worn 
by the fluoroscopist during every examina- 
lion. 


The lead gloves can be used in most situ- 
ations except where delicate palpation is 
occasionally called for. Gloves are available 
and should be used. Despite imperfections, 
a cracked glove or apron is better than none 
at all. 

The inverse square law has real charm 
when it comes to radiation protection. 
Operations should be planned in such a way 
as to keep operating personnel as far as 
possible from the source and from the 
patient. 


NCRP Handbook 60 


6.3.f. The hand of the fluoroscopist, either 
with or without gloves, shall never be placed 
in the useful beam unless the beam is attenu- 
ated by the patient. 

7.1 Equipment. 

7.1.¢. The total filter—permanently in the 
useful beam—shall be equal to at least 25 mm. 
of aluminum. 


Visiting persons should not be allowed 
in the fluoroscopic room during examina- 
tion of the patient whenever possible. It is 
all too frequent that other physicians will 
stand around during the fluoroscopy of a 
patient when their services are not really 
needed. 

In considering the problem of the direct 
protection of the patient, one should ob- 
serve all of the recommendations in the 
national and international reports. 


NCRP Handbook 60 


7.3 Operation of Apparatus. 

c. No person shall be regularly employed to 
hold patients during exposure nor shall any- 
one from the department of radiology ever be 
permitted to perform such service. 

d. Only persons required for the radio- 
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graphic procedure shall be in the radio- 
graphic room during exposure. 

e. The radiographic field shall not be 
larger than clinically necessary. 


The proper field alignment is very im- 
portant. Where it is impossible to perform 
the necessary examination without directly 
exposing the gonads, they should be 
shielded. This has been stressed for many 
years and to some extent may be practiced. 
A variety of shields have been proposed for 
the scrotum. Apparently one of the major 
problems here is a matter of delicacy in 
applying the shield for routine examina- 
tion. Nevertheless such shields can defi- 
nitely serve to reduce the gonadal dose in 
many situations. Shielding of the ovaries 
is more difficult and can never be done 
completely. About the most that can be 
hoped for is shielding them from the direct 
beam. 

Various proposals have been made for 
local shielding, for example, the lower part 
of the body, while examining the chest. 
This can be done but it has its problems. 
If this type of shielding is to be used, it 
should be used against scattered as well as 
direct radiation. Probably more effective 
dose reduction can be accomplished by 
adequate diaphragming and positioning. 
Is it necessary to caution about the use of 
minimum size fields for the chest examina- 
tion of infants? 

A frequent but easily avoidable source of 
overexposure to the gonads is in roentgen- 
ography of the head, arms, and hands. Under 
such situations it is not uncommon for the 
patient to sit down with his hand or head 
on a cassette on top of a table and then 
have a direct beam either hit or narrowly 
miss the gonads. 

The protection of outsiders is accom- 
plished by proper room shielding, tube 
housing and orientation of the beam. All 
the necessary information is contained in 
Handbook 60. 

A few more things may be mentioned 
briefly. 


A 
: 
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NCRP Handbook 60 


6.3 Operation of Apparatus. 

b. The eyes of the fluoroscopist should be 
well dark-adapted before he uses the fluoro- 
Scope. 

c. Fluroscopic work shall be performed 
in the minimum time possible using the 
lowest dose rate and smallest aperture consist- 
ent with clinical requirements. If a high-low 
switch is available, as suggested in section 
6.1.h, then the low dose rate shall be used to 
locate the area of interest and the high dose 
rate only momentarily to explore the area of 
interest. 


It is generally known that the eyes 
should always be dark adapted for about 
twenty minutes. Most radiologists observe 
this requirement. Most general practition- 
ers do not. To overcome the handicap of 
the lack of dark adaptation, the examina- 
tion may necessarily be extended with 
consequent overexposure of the patient and 
the physician. 


The film processing is usually done in the © 


average radiological department on a scien- 
tific basis. The exposure is adjusted to fit 
the film processing technique. Again the 
general practitioner will have difficulty and 
more often than not he will overexpose the 
film, and then under develop it, watching 
until he thinks the image is about right. 
This not only overexposes the patient but 
frequently results in a film of poor quality. 

Great caution is necessary when using 
the photofluorographic units. These units 
most decidedly have their place in our 
medical practice, but the patient’s dose 
from such a unit is likely to be ten times 
greater than the dose using the standard 
film technique. One of the main points to 
observe in the use of chest survey units is 
proper alignment of the beam. This is often 
handled haphazardly and the field is often 
unnecessarily large. The gonads can be 
shielded relatively effectively by simply 
placing a lead rubber apron of adjustable 
height between the patient and the tube. 
Regardless of the tube position, the apron 
would be adjusted to a standard height, 
relative to some fiducial position on the 
patient. 
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Through cooperation between the radi- 
ologist and the manufacturer, the develop- 
ment of improved safe equipment has been 
possible. An outstanding example of this is 
the image intensifier. 


INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION 


Recommendations regarding the following 
items are under consideration by 
the ICRP 

a) The provision of specially designed pro- 
tective devices for the gonads of patients. 

b) Additional recommendations regarding 
minimum film-focus distances. 

c) Increasing and protective requirements 
for diagnostic and therapeutic tube hous- 
ings. 

d) Improvements in beam collimation. 

e) The provision of permanent filters of at 
least 2 mm. Al equivalent on all diag- 
nostic X-ray tubes. 

ft) The advantages of using high-voltage 
techniques for diagnostic work. 

g) The provision of exposure counters on all 
diagnostic equipment. 

h) The use of image intensifiers to reduce the 
dose to the patient, and consequently to 
the operator, rather than as a means of 
permitting more extensive and prolonged 
fluoroscopy than hitherto. 


The image intensifier was conceived, in 
the main, as a device for enabling a diag- 
nostic examination to be made with less 
exposure to the patient. Using the image 
intensifier, it is possible to work with rela- 
tively little or no dark adaptation and in 
relatively bright rooms. Unfortunately, 
these very things undo some of its main 
benefits. If image intensifiers are to be used 
they should be used in darkened rooms and 
with proper dark adaptation of the eyes. 

In closing one may unhesitatingly state 
that it is possible, with a little thought and 
understanding, to very appreciably reduce 
not only the gonadal dose of our population 
as a whole but the dose to the remainder 
of the body where it can do no good and 
may do harm. 

Atomic and Radiation Physics Division 


National Bureau of Standards 
Washington, D. C. 
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PAST AND PRESENT RADIATION EXPOSURE 
TO RADIOLOGISTS FROM THE POINT 
OF VIEW OF LIFE EXPECTANCY* 


By CARL B. BRAESTRUP, B.S., P.E. 


NEW YORK, NEW YORK 


life span of radiologists has _ re- 
ceived considerable attention since the 
publication by the National Academy of 
Science of Shields Warren’s statistical 
studies.”'® Warren reported that the aver- 
age age at death was 60.5 years for radi- 
ologists compared with 65.7 years for other 
physicians with no known occupational 
radiation exposure. His results, however, 
were based on the longevity of physicians 
who, in general, practiced radiology when 
the hazards were considerably greater than 
they are at present. The same is true of the 
results of March’s® earlier studies which in- 
dicated a significantly higher incidence of 
leukemia among radiologists than other 
physicians. 

There is no direct method of relating life 
span, or incidence of leukemia, to past oc- 
cupational exposure. Area surveys and 
personnel monitoring, unfortunately, have 
been the exception rather than the rule un- 
til recent years. Warren gives a wide range 
for the accumulated exposure dose, from a 
very slight value to about 1,000 r. Lewis® 
has suggested that the average exposure 
rate for all radiologists has not exceeded 
the 1931 maximum permissible limit of 0.2 
r/day. There is reason to believe, however, 
that earlier common disregard of systemic 
injuries and the lack of personnel monitor- 
ing have resulted in exposures significantly 
in excess of the then prevailing “‘tolerance”’ 
doses. On the other hand, present person- 
nel monitoring indicates that today the 
average exposure to any major part of the 
radiologist’s body is considerably below the 
present maximum permissible average val- 
ue of 100 mr/week. 

It is of interest, therefore, to compare 
the radiation levels of old type roentgen in- 


stallations* with those of modern facilities. 
In this way it is possible to get an approxi- 
mation of the average dose received by 
radiologists practicing some twenty-five 
years ago. It is realized that the dose is af- 
fected also by other conditions, such as 
working habits and amount of fluoroscopy. 
These factors will be discussed later. 


FLUOROSCOPY 


Of the various roentgen procedures, flu- 
oroscopy, no doubt, presents the greatest 
hazard to the radiologist. This was particu- 
larly true when nonprotective fluoroscopes 
were used. This is illustrated in Figure 1 
which shows the results of radiation meas- 
urements made on an obsolete vertical flu- 
oroscope set up in the laboratory for this 
purpose, and of those made on modern 
equipment. It will be seen that the radia- 
tion levels an old type fluoroscopes were 3 
to 9 times greater than those measured on 
modern apparatus. In addition, the present 
more general use of protective aprons has 
reduced further the average dose to the 
greater part of the fluoroscopist’s body by 
a factor of about 25. One of the largest clin- 
ics in the country did not use protective 
gloves nor aprons between 1918 and 1934.4 
After this period the fluoroscopists used 
gloves and aprons made of a special fabric 
with a lead equivalent of only 0.1 mm. Our 
results show that the exposure formerly re- 
ceived by fluoroscopists not using protec- 
tive aprons was about 75 times greater than 
that obtained with modern equipment and 
present safeguards. This is in line with the 
findings reported by Cowie and Scheele? in 


* Old type installations refer in this report to those with non- 
protective equipment as was commonly used some twenty-five 
years ago. 


* From the Physics Laboratory, Francis Delafield Hospital, New York, New York. Presented at the Fifty-eighth Annual Meeting of 
the American Roentgen Ray Society, Washington, D. C., October 1-4, 1957. 
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Fic. 1. Comparison of stray radiation from vertical fluoroscopes. 


1941. Their surveys of 45 hospitals indi- 


cated that in more than half of these at’ 


least one member of the staff received more 
than 100 mr/day and in an extreme case 
2,000 mr/day; the present average is about 
4 mr/day. 

ROENTGENOGRAPHY 


The present use of protective tube hous- 
ings and more extensive room shielding has 
greatly reduced the stray radiation of 
roentgenographic installations. With the 
open bowl type tube holder, no shielding 
was provided along thé axis of the tube. In 
addition to the useful beam pointing down, 
there was an almost equally intense hori- 
zontal beam directed at the walls of the 
room. Without wall shielding this resulted 
in significant stray radiation in adjacent 
rooms, of the order of 25 to 50 mr in one 
hour. If the radiologist’s office were next to 
the diagnostic room, this condition may 
have contributed greatly to the dose he was 
getting. Present shielding of tube housing 
and walls usually reduces the radiation to 
much less than 2.5 mr in one hour. 


THERAPY 


Many of the deceased radiologists were 
roentgen therapists as well as diagnosti- 


cians; relatively few used radium. This 
study, therefore, is limited to roentgen 
installations. 

Table 1 shows representative radiation 
levels of the old type therapy installations 
with open lead glass bowl tube holder. 
The machines in private offices were 
usually operated by radiologists rather 
than by technicians. As shown, the aver- 
age exposure rate was about 50 mr/hr., or 
approximately 25 times the present levels. 

The high radiation levels were due not 
only to the use of open tube holders but al- 
so to the lack of adequate structural pro- 
tection. At that time the lead shielding of 
the walls generally did not extend above 6 
or 7 feet and, consequently, there was ex- 
cessive scatter over the lead barriers. 

Even with the lead drum type tube en- 
closures, which were also used at that time, 
inadequate room shielding frequently re- 
sulted in excessive stray radiation outside 
the treatment room. This is shown in Table 
1. In addition to the surveys summarized 
in Tables 1 and 11, measurements were 
made also on an almost equal number of in- 
stallations where stray radiation was of the 
order of 5 mr/hr. Earlier surveys reported 
by Fricke and Beasley* in 1923 for a num- 
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TABLE I 


RESULTS OF RADIATION SURVEYS MADE FROM 1933-1937 OF 200 KV. 


NONPROTECTIVE THERAPY INSTALLATIONS! 


Private Offices Hospitals 


Installation 

M N S B K 
Location of Measurements mr/hr. mr/hr. mr/hr. mr/hr. mr/hr. mr/hr.  mr/hr. 
Control panel 96 5 10 46 46 9 10 
Adjacent room 77 93 51 210 116 49 15 
Corridor 293 


ber of therapy installations show a similar 
wide range in radiation levels. 


PAST EXPOSURE TO RADIOLOGISTS 


Most of the deceased radiologists have 
worked with both nonprotective and pro- 
tective equipment. As a first approxima- 
tion, it may be assumed that the average 
dose received by the radiologist was the 
mean for the two conditions. Most of the 
older radiologists who practiced prior to 
1930, no doubt, have worked under condi- 
tions considerably worse than reported 
here. This is particularly true of those who 
did field fluoroscopy during World War I. 
On the other hand, the younger radiolo- 
gists, who died recently, have used protec- 
tive equipment only. 

Table 111 gives an estimate of the average 
accumulated exposure to radiologists us- 
ing nonprotective equipment for assumed 
hours of operation. 

Too few radiation surveys were made in 
the past to establish any relationship be- 
tween the life span of the individual radi- 
ologist and the radiation levels of his in- 
stallation. In fact, most of the radiologists 
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RESULTS OF RADIATION SURVEYS OF 200 KV. 
THERAPY INSTALLATIONS WITH LEAD DRUM 
TUBE HOLDER, BUT INADEQUATE 
ROOM SHIELDING! 


Installation K JH 

Location of Measurements mr/hr. mr/hr. 
Control panel 5 5 
Adjacent rooms 54 710 
Floor below 2,700 


who were in charge of installations where 
the 1933-1937 surveys showed excessive 
stray radiation are not only alive today but 
still practicing radiology. However, all of 
them took steps to improve the protection, 
while others who had no surveys most like- 
ly continued to work under hazardous con- 
ditions for many years. 


PRESENT RADIATION LEVELS 


Today’s increased attention to protec- 
tion has resulted in significant reduction in 
the exposure to radiologists. Radiation 
surveys and personnel monitoring have 
shown up most of the hazardous situations. 
There still is room for improvement, par- 
ticularly in fluoroscopy. It is hoped that the 
fluoroscope of the future will be designed to 
incorporate more effective secondary pro- 
tection, eliminating the present cumber- 
some and incomplete shielding provided by 
the apron and gloves worn by the fluoro- 
scopist. Such a change would conform with 
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ESTIMATED CUMULATED EXPOSURE TO RADIOLOGIST 
USING NONPROTECTIVE EQUIPMENT 


hr./da. of r/yr. 
irradia- r/da. (250 da.) 
tion 

Fluoroscopy 

300 mr/hr. I 6.4 75 
Roentgenography 

25 mr in 1 hr. 2 0.05 12.5 
Therapy 

50 mr/hr. I 0.05 12.5 


Total I 0.4 100 
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Kic. 2. Results of personnel monitoring of radiologists. Results include all doctors who worked six months 
or longer in the radiologic department; where the service was less than a year, yearly exposure has been 


extrapolated. 


the basic principle of protection by placing 
the shielding where it belongs, that is, at 
the source of the radiation rather than 
around the person to be protected. 

Figure 2 shows the results of film badge 
monitoring carried out in a group of New 
York hospitals. It will be seen that the av- 
erage yearly cumulative dose received by 
the radiologist today using present stand- 
ards of protection is only one fifth of the 
permissible value; the high maximum ex- 
posures were due mainly to the handling of 
radium. Personnel monitoring has proved 
of distinct value in reducing radiation 
hazards. It is very questionable, however, 
that past results can serve for future eval- 
uation of radiation effects on man. For this 
purpose we need a more sensitive detector 
and a simple index of radiation quality. It 
is essential to know the energy of the rays 
in order to determine the absorbed dose in 


rads for the vital tissues which affect life 
expectancy. Another requirement is that 
the monitor is worn on the part of the body 
where irradiation is most likely to affect 
longevity. 


SUMMARY 


The results of this study indicate that 
the average accumulated exposure dose re- 
ceived by radiologists using nonprotective 
equipment was of the order of 100 r per 
year. With present standards of protection, 
the yearly dose is reduced to about 1 r. 

The average life time dose of the radi- 
ologists studied by Warren may, for lack of 
more complete information, be assumed to 
be the mean for the two extremes, or about 
2,000 r for forty years. If reduction in life 
span is proportional to the dose received, 
it may be inferred that radiologists using 
present safeguards do not need to fear any 


NUMBER of RADIOLOGISTS : 


992 Carl B. Braestrup DecEMBER, 1957 


significant future reduction in their life 
span due to irradiation. 


Physics Laboratory 
Francis Delafield Hospital 
New York 32, New York 


The author is indebted to Dr. Shields Warren 
and Dr. Ramsey Spillman for making available 
their data on deceased radiologists. The writer 
also wishes to acknowledge with thanks the 
assistance given by Gordon Cameron, Richard 
T. Mooney, and William Weisman of this lab- 
oratory. 
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COMMON SENSE IN RADIATION PROTECTION 
APPLIED TO CLINICAL PRACTICE* 


By ROBERT S. STONE, M.D. 


SAN FRANCISCO, CALIFORNIA 


BS sees must be laid once more upon 
the importance of avoiding all un- 
necessary exposure to the rays.... The 
rays have an undoubted power of produc- 
ing sterility in both sexes. .. . The danger 
to the patient is also a very important 
point that must never be lost sight of by the 
radiologist. . . . It is advisable to have some 
idea of the exposure we may give the pa- 
tient during the course of an X-ray exami- 
nation without causing him to suffer any ill 
effects...” The above quotation sounds 
like an admonition of 1957 but in reality it 
is taken from Bythell and Barclay’st book 
on X-ray Diagnosis and Treatment pub- 
lished in 1912. Thirty years ago, in 1927, 
Kaye® reported that over 120 papers had 
been published on the physics of protection 
alone. In the same year Sir Humphry Rol- 
leston'! wrote, “It is important that the 
recommendations for protection should be 
based on the principles of absolute safety 
and so err, if they do at all, on the side of 
excess.” (safety). 

Anyone who studies the history of radia- 
tion protection knows that the matter of 
safety for the patient and for the physician 
has been considered ever since 1896. Many 
of those working with the rays, however, 
forgot about protection or did not learn of 
the dangers until too late. Hence, safety 
has not always been the rule. 

The first interest in protection came 
from knowledge of the acute effects of the 
rays—first dermatitis and then epilation. 
Not knowing about chronic effects, a safe 
intensity of radiation based on a photo- 
graphic method was postulated by Rollins” 
which we now estimate to have been about 
1o r per day. During the next twenty odd 
vears many more biologic effects of radia- 
tions were discovered both in animals and 


man, and some individuals wrote about 
protection, but the second general protest 
against the dangers of roentgen rays did 
not develop until the 1920’s. At that time 
it was the development of aplastic anemias 
that brought matters to general attention 
and safety rules were developed and pro- 
mulgated. By 1922 it was estimated that 
more than 100 of the pioneers in radiology 
had died from cancer caused by their occu- 
pation. The dangers from over-exposure 
were stated as being (a) visible injuries to 
the superficial tissues and (b) derange- 
ments of internal organs and changes in 
the blood. 

Thus, gradually the idea of a dose such 

.that it would produce no appreciable in- 
jury evolved. With the development of the 
roentgen as a reproducible physical meas- 
ure of radiation, it was possible to state 
such a tolerance dose as 0.2 r per day in 
1931. Since then there have been three re- 
ductions in what is now called the maxi- 
mum permissible dose (Table 1). Many 
radiologists wonder why these reductions 
have occurred in view of the fact that no 
one is known to have been appreciably 
damaged who has stayed below the origi- 
nal 0.2 r per day. In 1936 the change to o.1 
r per day was made for two main reasons: 
(1) because more penetrating rays were in 
more general use than when the original 
level was established, and (2) because 0.1 r 
measured in air, as was customary in the 
United States, was about the same as 0.2 r 
measured on the skin in Great Britain and 
Europe. 

The next change came in 1948 as a result 
of much animal experimentation and ob- 
servation of many people exposed to radia- 
tion. It was found that very small amounts 
of radiation given over long periods caused 


* From the Department of Radiology, AEC Radiological Laboratory, University of California School of Medicine, San Franciscos 
California. Presented at the Fifty-eighth Annual Meeting of the American Roentgen Ray Society, Washington, D. C., October 1-4, 
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TABLE I 


| Time Period 

1931-36 1936-48 1948-56 | 1956 
Per day O.2r O.Ir (0.05 r) 
Per 6 day week o0.6r O.3r O.3r 
Per s0 week year 60 r 30 r sr | 2s 
Age 20-30 600 r 300 r gor 
Per decade 600 r 300 r igor | gor 
Up to age 60 2,400r 1,200r 600 r | 200 r 


changes of various kinds and it was the con- 
sensus of the National Committee on 
Radiation Protection and of the Inter- 
national Commission that the factor of 
safety was not great enough in the former 
level. By 1948 film methods of measuring 
exposure on a weekly basis had become 
practical and hence the maximum permis- 
sible dose was given as 0.3 r per week. 
Implicit in this is a belief that 0.3 r per 
week received at any time during the week 
is no more harmful than .o5 r each day for 
six days. 

By 1948 two new considerations had 
entered the picture. One was the shortening 
of life span which had been demonstrated 
in animals as the result of small daily doses 
of radiation, and the other was the genetic 
effects which were becoming more widely 
known and more positively established. It 
was felt at that time that so far as occupa- 
tional exposure was concerned, the genetic 
factor should not be the limiting one, be- 
cause of the relatively few people involved. 

In the years between 1948 and 1954, 
when Handbook No. $9 was issued, a great 
deal of consideration was given to the 
problem of genetic effects of radiation. 
Geneticists D. R. Charles, H. J. Muller, 
and C. Stern, as members of the subcom- 
mittee on permissible external dose, exer- 
cised a great influence on the National 
Committee on Radiation Protection. How- 
ever, it has been since that time that the 
genetic factor has loomed large because the 
hazard of fallout called attention to the 
radiation of the public at large. On looking 


into this matter of general radiation, the 
problem of medical exposures was brought 
to the fore. 

Prior to the meeting of the International 
Commission in 1956, those interested in 
radiation protection began discussions of 
the gonadal dose received in diagnostic 
radiology by patients as well as those 
occupationally exposed. In the earlier 
periods, the accumulated doses to patients 
had not been taken into consideration be- 
cause it was always assumed that diagnos- 
tic and therapeutic radiology consisted of 
medical procedures to be used on patients 
when they were needed for that patient’s 
welfare. Under such conditions, their ex- 
posure was outside of the sphere of protec- 
tion from occupational exposure. Two fac- 
tors brought this matter of medical expo- 
sure to the increased attention of those in- 
terested in radiation effects. The first of 
these was the rapid increase in the number 
of people involved in medical radiation ex- 
posures. At the University of California 
Hospital, in 1934, 6 per cent of the patients 
in the clinic or the hospital on any one day 
had some roentgenologic procedure done 
upon them. In 1956, 30 per cent of this 
population had some type of roentgenologic 
procedure done upon them. Personal in- 
quiry by Miller’ indicated that this same 
increase was taking place in many hospitals 
across the country. Moreover, the com- 
plexity of the examinations and the number 
of projections used were increasing greatly. 
Since the total exposure of the gonads of all 
the population is the important factor in 
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genetic effects, it was obvious that if the 
non-occupationally exposed people were 
receiving more radiation, the occupation- 
ally exposed should receive less. 

When the International Commission met 
in 1956, the three factors that were most 
influential in reducing the accumulated 
maximum permissible dose were the follow- 
ing: 

1. While there are many uncertainties 
about the total effect of genetic changes, 
there is no uncertainty about the fact that 
such changes do exist and that they depend 
upon the total accumulated dose of the 
entire population. 

2. While the fact of shortening of the 
lives of radiologists and others chronically 
exposed to radiation has not been proved 
beyond doubt, nevertheless, the fact that 
repeated exposure to radiation shortens the 
lives of animals is not a matter of doubt. It 
is quite likely that human lives can also be 
shortened, and that the amount of shorten- 
ing depends in part upon the total accumu- 
lated dose. 

3. The third factor is the need for rules 
of protection stated in more specific terms 
than in the past. Whereas it was stated in 
the past that the tolerance dose was 0.1 r 
per day, it was also stated that “It is 
strongly recommended that exposure to 
radiation be kept at the lowest practicable 
level in all cases.’” Now, however, business 
and industry are becoming involved in the 
matter of protection, and structures are 
having to be built in such a way that there 
will be constant levels of radiation in cer- 
tain areas where people have to work daily 
for years. The engineers want to know 
whether it really is safe to have people 
exposed for eight hours a day, six days a 
week, to the amounts stated as the maxi- 
mum permissible dose. 

While occupational radiation exposure 
was mainly limited to medical facilities 
where radiologists kept the dose at the 
lowest possible level, and later to Govern- 
ment financed atomic energy plants where 
the cost for extra protection was paid by 
the Government, the aim had always been 
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to stay within a certain figure—say, a third 
of the maximum permissible level—in 
order to be sure of not exceeding it. Now, 
with competitive industry involved, there 
must be some level to which all companies 
will have to build. Thus, in 1956, the Inter- 
national and National Committees felt 
that while a weekly tolerance of 0.3 r has 
not caused appreciable damage for occa- 
sional exposures, nevertheless a limit should 
be put to total accumulated exposure of 5 
rin any year, and that the limit to those up 
to age thirty should also be put for genetic 
reasons at close to 50 r. Since that meeting 
of the International Commission, the 
National Research Council in this country 
and the Medical Research Council in Great 
Britain have issued reports that strongly 
support the steps taken. 

It would seem that occupational exposure 
has been well taken care of by the pre- 
cepts of the National Committee and the 
International Commission on Radiation 
Protection. The other problem brought up 
by the National Research Council, the 
Medical Research Council, and the Com- 
mittee on Radiation Effects of the United 
Nations is that of the amount of radiation 
to the population from diagnostic and 
therapeutic radiation. The remainder of 
this presentation will be concerned with 
this phase of the subject. 

The reports referred to above have, in 
general, pointed up the danger of the radia- 
tions used for diagnostic and therapeutic 
radiology but have neglected, in my opin- 
ion, to emphasize the tremendous benefits 
that have resulted from the use of roentgen 
rays. Professor Coller®’ has shown dramati- 
cally the debt of surgery to roentgenology. 
He pointed out that prior to 1895, the 
surgical operations carried out were on 
essentially the same conditions that Hippo- 
crates could have diagnosed easily. Much 
of modern surgery, with all of its tremend- 
ous benefits to humanity, has come about 
because roentgenologic methods, along with 
others, have demonstrated clear-cut ob- 
jectives for surgery, while the disease is still 
in a curable state. The opportunity for 
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surgeons was limited until roentgenology 
developed and made possible the diagnosis 
of lesions that surgeons could treat. 

In 1900, the life expectancy of a new- 
born child was 49.2 years, while in 1950, it 
was 68.07 years'® (Table 11). While it is 


Taste II 


LIFE EXPECTANCY AT BIRTH 


49.24 years 
68.07 years 


1gO0-1g02 
1949-1951 


true that radiology cannot lay claim to be- 
ing the major reason for this prolongation 
of life, it has played a not inconspicuous 
part in the development of modern medi- 
cine which is responsible for this great pro- 
longation of life. Moreover, it should be 
noted that if there is a great danger to 
many lives being shortened as a result of 
increased medical use of radiation, it should 
have shown up by now, whereas in point of 
fact, each year life expectancy is increas- 
ing. One disease that has played a great 
part in shortening the lives of young people 
in the past has been tuberculosis, and here 
we find that whereas in 1900 the death 
ratio was Ig94 per 100,000 population, in 
1955 this was only 9.1 per 100,000!* (Table 
III). Diagnostic roentgenology has played 
its part in reducing the death rate due to 
tuberculosis. 

The geneticists rightly warn us of the 
danger of radiation which can cause in- 
creased fetal death and infant mortality as 
one of the early detectable effects. Yet, 
concurrently, with the great expansion in 
the use of roentgen rays, infant mortality 
has dropped from 99.9 per 1,000 live births 
in Ig1§ to only 26.4 in 1955.'® Fetal deaths 
(stillbirths) have dropped from 23.9 per 
1,000 live births in 1945 to 17.1 in 1955.!° It 
has been stated that American children to- 
day are taller, healthier, and have a lower 
death rate than before the medical use of 
radiation began, and some of the figures 
would indicate that this is still continuing 
in the face of great expansion of the medical 
use of roentgen rays. 
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TUBERCULOSIS AS A CAUSE OF DEATH!® 


Year 


Ratio 
1900 194.4 per 100,000 
1955 9.1 per 100,000 


TaBLe IV 


INFANT MORTALITY (DEATHS UNDER I YEAR)!9 


Year Ratio 
1915 99-9 per 1,000 live births 
1955 26.4 per 1,000 live births 


TABLE V 


FETAL DEATHS (STILLBIRTHS)!® 


Year 


Ratio 
1945 23.9 per 1,000 live births 
1955 17.1 per 1,000 live births 


When considering the danger involved in 
the use of roentgen rays for medical pur- 
poses, we must evaluate them in relation 
to the other dangers of modern life. In 
1955, motor vehicle accidents accounted for 
the lives of 38,426 people.’® In contrast, 
March’s!® studies on deaths from leukemia 
among radiologists in the United States, 
were based on 14 deaths in twenty years, 
and some of these would probably have 
died of leukemia without exposure to 
roentgen rays. Among the 13,352 patients 
treated for spondylitis in Great Britain, 
the observed number of deaths from leu- 
kemia for the twenty year period 1935-55 
was 25 as contrasted to an expected num- 
ber of 2.4!2 These numbers are small com- 
pared to the deaths from motor accidents, 
yet we do not try to get rid of motor cars. 

A method of comparing the genetic 
danger to our human race from allowing 
the mentally deficient to reproduce, with 
the genetic danger of using roentgen rays 
in medicine has not been developed. If 
geneticists would produce as much educa- 
tional material on the dangers of propaga- 
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ting known mental defects as they are pro- 
ducing on the dangers of roentgen rays, 
they might accomplish even more for 
posterity than they are now. 

The above comments are not intended as 
a means of minimizing or justifying the 
dangers of radiation, but in everything a 
balance must be struck between the bene- 
fits to be gained and the bad effects to be 
endured. There is no use in looking only at 
the bad effects. Those who emphasize or 
fear the bad results of diagnostic exposures 
often do not distinguish between total body 
exposure and local exposure when thinking 
of effects on the individual. Part of the mis- 
understanding is due to the peculiar nature 
of the unit of measurement called the roent- 
gen. In stating the amount of an exposure 
in roentgens, too often no statement is 
made of the size of the area exposed. The 
“roentgen” is the measure of exposure to 
each gram of tissue and I roentgen to a toe 
is vastly different than 1 roentgen of total 
body exposure. This point should not need 
laboring to a group of radiologists. 

It is well to remember that Kaplan® 
found that whereas whole body exposure 
produced leukemia in mice of a certain 
strain, partial body exposure would not 
produce leukemia even though an equiv- 
alent dose was given. 

It must be admitted that much more 
attention has been given to the protection 
of those occupationally exposed to roentgen 
rays than to the patients; and while educa- 
tion in the hazards and the protective meas- 
ures has been given to radiologists to some 
extent, little or none has been given to 
the vast numbers of others using roentgen 
ray equipment. There are estimated to be 
125,000 roentgen ray machines in the 
United States. One-half of these belong to 
dentists, the other half to medical doctors, 
osteopaths, chiropodists, and chiropractors. 
In the State of California, the California 
Academy of General Practice, with 2,400 
members, estimates that more than 50 per 
cent of them do their own diagnostic 
roentgenologic work. There is, therefore, a 
widespread and varied audience to be 
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educated regarding the hazards to them- 
selves and their patients, and the protective 
measures to be used. Radiologists should 
take a leading role in this program of educa- 
tion. 

Diagnostic roentgen ray exposures are 
partial body exposures, and it is seldom 
that any one patient is exposed enough to 
do harm to him personally—even consider- 
ing decrease of life span. The risk involved 
is, therefore, concerned with damage to the 
reproductive cells or to a developing em- 
bryo. Several studies in recent years such 
as those by Stanford and Vance,'* Binks,’ 
and Martin" have shown that examina- 
tions involving the lower abdomen and 
pelvis, while representing a small per- 
centage of the examinations done in most 
offices and hospitals, account for a large 
percentage of the gonadal dose. What is not 
generally recognized is that practically 


every examination contributes something 


to the gonadal dose. 

The aim of all professional men and wom- 
en dealing in the healing arts must be to 
give the best possible service to their pa- 
tients. This will involve keeping needed 
roentgen ray exposures to the minimum. 
The primary responsibility for the patient 
rests with the patient’s private or clinic 
physician. That physician must be made 
aware of the risks of gonadal exposure, so 
that he will ask himself whether there is any 
way of reaching a correct diagnosis other 
than by roentgenologic examination. This 
admonition applies with particular force 
when the patients concerned are children, 
pregnant women, women in the child- 
bearing period, and men below forty. The 
radiologist on his part must clearly under- 
stand the medical problem involved for 
every patient sent to him and keep the 
number of projections and repeat examina- 
tions to a minimum consistent with making 
the correct diagnosis. 

There has been a great increase in the 
number of roentgenologic examinations 
requested, but this is not entirely due to 
medical developments. Some unnecessary 
examinations are made for one of several 
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reasons: (1) the patient has private or 
governmental insurance and wants that to 
which he feels entitled; (2) he is eligible for 
county, veterans, or other institutional 
care without cost to him, and therefore no 
limitation should be put on roentgenologic 
examinations; (3) legal complications and 
the court’s demands for the fact of having 
been examined roentgenologically as a 
part of proper medical care account for 
many examinations; (4) the referring physi- 
cian feels insecure in his diagnosis and 
differential diagnosis and wants confirma- 
tion. The only way to reduce the number of 
such examinations is to repeat and repeat 
that roentgenologic examinations must be 
limited by careful professional judgment to 
those required for the health needs of the 
patient. 

Some examinations present greater prob- 
lems than others. For example, roentgeno- 
graphy of children presents hazards to the 
patient and the staff. The patient is small 
and therefore the gonads are closer to 
every area that may be examined. The 
patient tends to move about and therefore 
larger cones are used frequently to be sure 
to get the desired area. It must never be 
forgotten that the child has a long life 
expectancy and many years to accumulate 
genetic effects from roentgen ray exposure 
before his parenthood days are over. Never- 
theless, it is not uncommon to see the whole 
abdomen and the region of the gonads on 
roentgenograms made of the chest, or 
even of the skull. Another practice that 
should be discouraged or possibly pro- 
hibited is the fluoroscopic examination of 
well babies on their periodic visists to their 
pediatricians. Such examinations not only 
include almost as a routine the direct expo- 
sure of the gonads, but frequently the 
physician does not know the rate of expo- 
sure of the machine. Buschke and Parker’ 
in 1942 and Sonnenblick" in 1952 found 
fluoroscopes with exposure rates varying 
from 2 r to 200 r per minute. 

Pelvimetry examinations contribute as 
much as 20 per cent of the genetically sig- 
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nificant radiation. They are a triple threat 
because they irradiate the gonads of the 
mother and the child, and if done early in 
pregnancy, may affect the embryo at the 
time of major organogenesis. They should 
not be done unless there is a threat to the 
health of the mother or child. If a pelvi- 
metry study is necessary in the opinion of 
the obstetrician, it should be done late in 
pregnancy when the fetus is beyond the 
period of organogenesis and when a com- 
parison can be made of fetal head size to 
pelvic size. The interesting suggestion has 
been made that women who plan to have 
children should see their obstetrician before 
becoming pregnant and if he finds that 
pelvimetry is needed, it can be done before 
onset of pregnancy. Bewley, Laws and 
Myddleton! make the practical suggestion 
that obstetrical roentgenography should 
be done only by the most experienced 
technicians in order to keep repeat expo- 
sure to a minimum. 

Roentgenography of the pelvis of women 
who are pregnant but not aware of that 
fact is fraught with hazard to the embryo. 
Russell and Russell'!® have shown that 
there are critical periods, periods of organo- 
genesis when doses as low as 25 r can cause 
demonstrable changes and lower doses may 
do so. This critical period is probably the 
second to sixth week of gestation, and 
pregnancy may be unsuspected during part 
of that time. The recommendation is made 
that all elective irradiation involving the 
uterus in women of childbearing age should 
be restricted to the two weeks following the 
last menstrual period in order to preclude 
the possibility of fertilization having taken 
place. 

Many practical suggestions have been 
made by many authors of ways and means 
to reduce radiation to the gonads. That 
much can be done is obvious from the 
experience of the Dental X-ray Depart- 
ment at the University of California School 
of Dentistry. Whereas the literature shows 
skin exposures to the mouth area for “‘full 
mouth” examination of up to over 300 r, 
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Fitzgerald’ reports that with higher kilo- 
voltage, small well-defined beams, long 
distance and fast films, they have cut the 
full exposure to below § r. 

Everyone using roentgen rays should 
constantly bear in mind the dictum of the 
Editor of the Yournal of the Faculty of 
Radiologists :* Do not think of tolerance or 
maximum permissible dose, but of mini- 
mum possible dose. 


CONCLUSIONS 


1. The hazards of ionizing radiations and 
the need for protection have been known 
since 1896. 

2. Increasing knowledge of the effects of 
radiation on animals has brought a lower- 
ing of the maximum permissible dose for 
occupational exposure in order to add fac- 
tors of safety even though no one remaining 
within even the first established “tolerance 
dose” is known to have had appreciable 
bodily injury during his lifetime. 

3. Genetic changes have become a 
greater and greater problem as more and 
more people have been occupationally and 
medically exposed. 

4. Diagnostic roentgenology has been 
found to be a major source of irradiation 
of the gonads, but through the help it has 
given to modern medicine it has also 
played an important part in extending the 
life expectancy of all people. 

5. Much more attention must be paid to 
lowering the gonadal dose by all of those 
engaged in the healing arts. Radiologists and 
all those using roentgen rays for diagnosis 
or therapy must always think of the mini- 
mum possible dose to the gonads. 


University of California 
School of Medicine 


San Francisco, California 
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SUMMARY: TODAY’S PROBLEMS IN RADIATION 
HAZARDS AND WHAT IS BEING DONE 
TO CONTROL THEM* 


By RICHARD H. CHAMBERLAIN, M.D.?+ 


PHILADELPHIA, PENNSYLVANIA 


B& A by-product of concern over the 
effects of fallout from thermonuclear 
weapon tests or the worse eventuality of 
thermonuclear warfare, public attention 
has been directed to the hazards of the 
medical use of ionizing radiations. These 
hazards are not new to us, as radiologists, 
but there are some new features about 
them which deserve our consideration. 
There has been some distortion and mis- 
placed emphasis as to the extent of hazards 
in medical radiation, but there has also been 
reasonable advice on some radiation precau- 
tions. Some good recommendations have 
been made, as well as some ill-advised and 
impractical ones. What then is to be the 
outcome as this problem is posed? Are 
roentgen rays too dangerous for the future 
of the race to outweigh the good when used 
in medical diagnosis on those below the 
age of thirty or forty? Should medical 
radiologic departments and offices be for- 
bidden territory to all except the terminally 
ill and aged? Should we consider that a 
minute bank account of radiation exposure 
must not be overdrawn for the individual 
patient? Ought radiologists and their co- 
workers forsake their occupation for Tahiti 
while they still have a little time to live? 
These are absurd excesses that have not 
been the intent of any serious group that 
has been studying today’s problems in 
radiation hazards and what should be done 
to control them. 

But there is need for intelligent thought 
and action. Some uses of radiation in 
medicine should be re-evaluated; some 
radiation exposures are higher than is 
necessary in obtaining needed information. 
Only by critical re-examination and ap- 
praisal can the needed changes be effected. 


In the contributions of this symposium, the 
basis for such discriminating assessment 
has been clearly presented and plans for 
sound action have been outlined. 

The basic information on_ radiation 
hazards is not of uniform reliability. Some 
has the authority of well known and proven 
fact. Some has been derived from less 
precise experimental and statistical evi- 
dence that is not susceptible to further 
proof at this time. Some should properly be 
considered as conjecture, interesting or 
even brilliant, but debatable. Offering 
such unequal certainties as the bases for 
positive action, they must nevertheless be 
used as the best that we have at this time. 
This is no unique situation for the physician 
who is already conditioned to the weighing 
of evidence, but it complicates the reduc- 
tion of protective measures into a simple 
set of rules which might be suitable for 
general and noncritital use. 

The well known and generally accepted 
facts deserve frequent repetition. They 
have been the theme of national and inter- 
national committee recommendations, of 
numerous contributions to scientific meet- 
ings and journals, and of our teaching that: 
(1) The exposure of human beings to ioniz- 
ing radiation always involves potential 
hazard, regardless of beneficial purpose. 
The hazards are both somatic and genetic. 
(2) Radiation dosage should be kept as low 
as possible while accomplishing the desired 
medical diagnostic or therapeutic aim. (3) 
Education and experience are needed for 
each decision of medical usefulness versus 
hazard and for close control of radiation 
dosage. (4) The development and use of 
improved techniques, instruments, and 
apparatus has reduced and continues to 


* Presented at the Annual Meeting of the American Roentgen Ray Society, Washington, D. C., October 1-4, 1957. 
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reduce radiation exposure. (5) The medical 
indications for radiologic procedures are 
subject to changing factors and should be 
reviewed constantly in the light of ad- 
vances from all branches of science. 

The development of radiation protection 
along these lines has been a gradual evolu- 
tionary process. Dr. Stone has well illus- 
trated the historic background and _ per- 
spective of this growth. The best of current 
information is not always applied uni- 
formly by all members of the medical 
profession, but advance has been con- 
sistent during the past sixty years and 
accelerating during the last twenty years of 
medical use of radiation. 

New findings, new evidence, and new 
interpretations deserve serious attention. 
In this symposium, the most important 
ones have been discussed in some detail, 
with critical regard to the reliability of each 
consideration. Important features from 
these can be summarized as follows: 

1. The quantitative level of radiation 
which may significantly affect the 
genetic future of populations is now 
thought to be lower than formerly, 
from the best genetic experimental 
evidence. 

2. From similar experimental evidence, 
there appears to be no radiation expo- 
sure threshold for the genetic hazard 
to populations. 

3. Life shortening effects on the individ- 
ual human being should be included 
in the considerations of radiation 
hazard. On best experimental analysis 
they do not seem excessive, but they 
cannot be ignored. 

4. There are evidences that low levels of 
radiation exposure may have greater 
somatic and genetic consequences dur- 
ing infancy and childhood. 

5. The medical use of radiation is in- 
creasing and is now approaching the 
point where its hazards have become a 
population problem as well as an in- 
dividual one. 

6. The amount of radiation exposure of 
the population is not known, its pre- 
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cise estimation is extraordinarily dif- 
ficult, and, to be of scientific value, its 
study must be comprehensive, con- 
sidering differential exposures of the 
portions of the body as well as whole 
body exposure. 

7. The present exposure to radiation for 
medical and dental purposes can be ap- 
preciably reduced by techniques and 
methods that are already available. 
These are economically feasible and 
largely require only interest, educa- 
tion, and the use of well established 
information and instruments. 

These do not seem to be revolutionary 
concepts, but rather the logical further 
evolution of fresh thought in the long range 
growth of our knowledge in radiation pro- 
tection. They furnish no ready or complete 
answers to the daily and individual choice 
as to the advisability of radiologic pro- 
cedures, diagnostic or therapeutic. They 


‘do, however, focus attention on the use 


of optimal techniques and add new quanti- 
tative factors to the critical assessment of 
radiation exposures employed both for sick 
patients and for elective and survey 
examinations. 

Many things have not been said. There 
has been no statement that any specific 
medical radiologic procedure should be 
prohibited, but rather that the needs and 
indications for each should be weighed 
against the hazards. Even this qualifica- 
tion must not be too rigid, for some exami- 
nations instigated by a mental process 
approaching intuition, in an experienced 
mind, have proven exceptionally reward- 
ing. There has been no statement that 
there are too many radiologic examinations 
and that the total number should be re- 
duced. To the contrary, it is probable that 
an increased use of radiologic diagnosis 
will work to the total benefit of the popula- 
tion, though this is reasonably possible 
within a reduced total radiation exposure. 
It has not been advised that radiologists 
and their co-workers should have excessive 
concern for their longevity or the harmful 
effects of radiation on themselves as in- 
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dividuals, provided they adhere to modern 
protective standards. Rather it seems that 
some of the publications on this subject 
have been unduly pessimistic. There has 
been no statement that every individual 
should carry a diary of all man made 
radiation exposure. Some of the complex- 
ities and dubious worth of such records have 
been apparent in the discussion of the 
physical factors involved and these become 
compounded by medical considerations to 
a nearly vanishing return. Limited and 
controlled statistical studies, however, 
may well furnish needed scientific in- 
formation for the future. The answers to 
our problems are not yet simple and many 
specific ones are not available. Exact values 
cannot yet be assigned to the precise in- 
dividual risks of the absorption of a given 
number of gram rads in a specified volume 
of tissue. Even less attainable is a measured 
value for the human beneficial returns from 
such exposure. 

What practical advice and guides for ac- 
tion, then, can we draw from this best of 
current and past knwledge? The physician 
using radiation should look to: 

1. What apparatus is used for radiation 
exposure? The cones should limit the 
beam to the desired area or film and 
they should have no marginal leak- 
age. Adequate added filtration should 
be employed. The radiation output 
should be determined and known for 
the various conditions of use. 

2. Who is being exposed? Think of the 
individual person whenever under- 
taking a procedure, especially those on 
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children, pregnant or potentially preg- 
nant women, and, in fact, anyone be- 
low the age of 40. 

3. Where is the exposure given? Recognize 
the additional hazard when the 
gonads are included in the primary 
beam and when large volumes of the 
body are exposed. 

4. How much exposure is given? Devote 
special attention to extensive exami- 
nations involving large amounts of 
radiation and to repeated procedures. 
Consider both local and integral radia- 
tion dosage. 

5. Why is radiation exposure used? There 
should be good and adequate reason, 
a purpose based on medical judg- 
ment, in the decision to do any pro- 
cedure at a given time. 

The users of radiation in the healing arts 
bear impressive responsibilities. These in- 
clude vigilance in preventing unwanted 
exposure of the public, patients, and radia- 
tion workers, while yet allaying undue fear 
on the part of each. Education of all is a 
continuing obligation, so that our total 
knowledge may be extended to its fullest 
use. To do our work with all of the skill and 
care that is attainable is the most effective 
of all measures in radiation protection. 
This is not to be achieved by legislation or 
rigid rules, by exhortation, or even fear, 
but proceeds from the individual mind 
which employs wisdom, experience, and 
common sense. 


Hospital of the University of Pennsylvania 
Philadelphia, Pennsylvania 
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COARCTATION OF THE ABDOMINAL AORTA 
AT THE ORIGIN OF THE INFERIOR 
MESENTERIC ARTERY 
REPORT OF A CASE DIAGNOSED BY TRANSLUMBAR AORTOGRAPHY 
By TAWAN SURAWONGSE BUNNAG, M.D. 


BANGKOK, THAILAND 


OARCTATION of the abdominal aorta 

is not a disease process of usual occur- 
rence; therefore, the condition sometimes 
fails to enter the differential diagnosis in the 
clinician’s mind. Symptoms and signs of 
deficient blood supply to the lower ex- 
tremities often lead to the supposition of 
thrombosis or aneurysm before that of 
coarctation. Only a roentgen demonstration 
of the real pathologic condition will quickly 
and definitely establish the diagnosis with- 
out surgical exploration. 

The few cases reported in the literature 
of coarctation of the aorta at unusual sites 
fall under Sloan and Cooley’s classification 
of Type 11 group.’ In these the coarcta- 
tion varies widely as to location and the 
abdominal aorta forms a minority. Twelve 
cases have so far been reported. The first 
one, in which there was a stenosis of the 
abdominal aorta below the origin of the 
visceral arteries, was described by Power 
in 1861. Maycock, in 1937, reported a 
coarctation at the origin of the renal arties; 
Baylin, in 1939, described a coarctation 
distal to the orifice of the renal arteries. 
Steel, in 1941, reported a coarctation above 
and at the level of the renal arteries and in 
another case immediately below the di- 
aphragm; Bahnson, Cooley and Sloan! re- 
ported coarctation at the origin of the renal 
arteries in 1949; Kondo and co-workers® 
in 1950, reported 1 case of coarctation be- 
tween the celiac axis and the renal arteries. 
Martin and Yount® quoted a case re- 
ported by Goldzieher and co-workers in 
1951, again at the origin of the renal 
arteries, and 3 other cases without clinical 
data, 1 quoted by Bahnson in 1948, 1 re- 
ported by Wang in 1949, and a third case 
reported by Abanese and Baila in 1953. 


The twelfth case was reported by Martin 
and Yount® in 1956. 

In many of the above cases the diagnosis 
was made at autopsy. In others the diagno- 
sis was made by angiocardiography and 
aortography. 


REPORT OF A CASE 


Our case is that of a twenty-two year old 
single female Siamese, who came to the hospital 
in November, 1955 with complaints of inter- 
mittent claudication, manifested by weakness 
and numbness of the lower extremities, es- 
, pecially after long walks. The symptoms forced 
the patient to stop for rest, then they would 
disappear. 

These symptoms had been noted several 
years before admission; however, they worsened 
in the past one and a half years. Weakness and 
numbness began in the feet, then ascended 
gradually to the hips and waist. Usually, a 
rest period of about fifteen minutes was neces- 
sary before normal strength and feelings to the 
lower extremities returned. 

Her past history revealed that she had had 
fever and chills which lasted about two months 
when she was eighteen years old. 

The physical examination showed a well de- 
veloped, well nourished female with a healthy 
general appearance. The positive findings were: 
a systolic murmur and systolic thrill at the level 
of the umbilicus; normal pulsation of the iliac 
arteries; weak femoral pulse; no pulsation of the 
popliteal, posterior tibial, anterior tibial and 
dorsalis pedis arteries. The blood pressure in the 
right arm was 140/70, that in the left arm was 
144/80. Blood pressure in the lower extremities 
could not be measured with ordinary mano- 
metric cuffs. 

Blood Wassermann and Kahn tests were 
negative. The blood hemoglobin was 12 gm. per 
cent. The red blood cell count was 4.3 million; 
the white blood cell count was 7,500 with a dif- 
ferential count of 70 polymorphonuclear leuko- 
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Fic. 1. Aortogram taken 4 seconds after beginning of 


injection. Coarctation between L2 and L3, involv- 
ing the origin of the inferior mesenteric artery. 


cytes, 25 lymphocytes and § eosinophils. The 
blood chemistry and urine examination were 
normal. 

A clinical diagnosis of aneurysm of the ab- 
dominal aorta was made. Differential diagnoses 
were thrombosis of the distal aorta and, also, 
coarctation of the abdominal aorta. 

A roentgenogram of the chest disclosed no 
abnormal findings. A translumbar aortography 
was performed. The contrast medium, 20 cc. of 
70 per cent urokon, was injected at the level of 
Li; serial roentgenograms were made, using 
intervals of one-half second and starting about 
three seconds after the beginning of the injec- 
tion. The roentgenograms showed narrowing of 
the abdominal aorta between the level of L2 
and L3 of about 4 cm. length, which included 
the origin of the inferior mesenteric artery and 
the arteries of L3. Roentgenograms also dem- 
onstrated the right renal artery and vein, the 
latter emptying into and opacifying the inferior 
vena cava. The left renal artery and vein were 
only faintly visualized; a plexus of veins in the 
lumbar region was opacified; the lower right 
intercostal arteries, the iliac arteries and their 
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bifurcations were well visualized and there was 
also a faint opacification of the midsacral artery 
(Fig. 1, 2 and 3). 

At this time a diagnosis of coarctation of the 
abdominal aorta at the level of L3 and L4 in- 
volving the origin of the inferior mesenteric ar- 
tery was made. 

Because the coarctation involved the origin 
of the inferior mesenteric artery, no graft, but a 
lumbar sympathectomy was contemplated. The 
patient, however, refused operation and _ re- 
turned home without exploration. 

The patient came back about a year later to 
announce that she was quite well. Her attacks 
of numbness in the lower extremities were not 
aggravated, but subjectively, she thought they 
had become milder since the translumbar aortog- 
raphy. The patient appeared so well physically 
and in spirit that nothing was done to her at 
this time that might prove psychosomatically 
disturbing. 


DISCUSSION 


It is evident from the literature that 
there seems to be no definite line of demar- 


Fic. 2. Aortogram taken 4.5 seconds after beginning 
of injection. Coarctation involves the origin of L3 
arteries. 
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cation between coarctation of the aorta at 
the usual and unusual sites based on the 
clinical features, such as hypertension in 
the upper extremities, hypotension in the 
lower extremities, intermittent claudication 
and signs of heart failure including palpita- 
tion, dizziness, dyspnea, nausea and precor- 
dial pain. Only the systolic murmur in the 
abdomen ranging in distribution from the 
epigastrium to the level of aortic bifurca- 
tion seems to favor a diagnosis of coarcta- 
tion in the abdominal aorta. This is some- 
times also heard in cases of coarctation in 
the thoracic aorta; however, finding of a 
normal chest and mediastinal contour 
favor the atypical position of the coarcta- 
tion. 

Our case presented no change of the left 
border of the mediastinum nor was there 
evidence of notching in the ribs. This led 
to exclusion of coarctation at the typical 
site. There was definite evidence of lower 
peripheral circulatory deficiency. Blood 
pressure in the lower extremities was so 
low that it could not be measured, and the 
systolic murmur and systolic thrill at the 
level of the umbilicus were very distinct. 
While the systolic murmur and thrill led 
the internist to strongly suspect an an- 
eurysm of the abdominal aorta, the circula- 
tory failure led the surgeon to consider 
thrombosis of the distal abdominal aorta, 
and also, but only lastly, coarctation. 

Coarctation at the level of the renal 
arteries and at higher levels has been re- 
ported many times. So far, no case has been 
presented with involvement of the origin 
of the inferior mesenteric artery. The pres- 
ent case appears to be first in this respect, 
although Power’s case in 1861 described a 
coarctation still more distal in location. 

As for the etiology of the condition, the 
literature mentions congenital maldevelop- 
ment. Other causes cited are: extrinsic pres- 
sure by a neurofibroma in a case with 
Recklinghausen’s disease,’ inflammatory 
changes about the aortic stenosis,'! and 
organized thrombosis with recanalization 
of the aorta as described by Hasler. 

In our patient, a middle class, conserva- 
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Fic. 3. Aortogram taken § seconds after 
beginning of injection. 


tive, oriental country girl who grew up 
quietly in her home, the symptoms were 
first noticed when she was mature enough 
to undertake some household and business 
activities by herself. The symptoms were 
especially pronounced on physical exer- 
tion and they gradually increased as her 
activities increased. Although it is possible 
that the coarctation in our patient could 
be congenital, it is difficult to conceive that 
childhood activities, even in a conservative 
milieu, did not bring about signs and symp- 
toms at an earlier age, if it were so. On 
the other hand, it should be noted that at 
the age of eighteen, the patient had suffered 
from chills and fever for a duration of about 
two months, which seems to agree well with 
the time of onset of her symptoms. These 
facts lead to the assumption that the 
coarctation was acquired. 

It is evident from this case report that 
the exact diagnosis, and, better still, the 
localization of the site of the coarctation 
could not have been made without arterial 
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opacification. The choice of the procedure 
will depend on the clinical aspect of the 
disease. We have not hesitated to use trans- 
lumbar aortography in our case because 
the procedure is relatively simple, and the 
signs and symptoms have led us to consider 
three pathologic conditions of the abdomi- 
nal aorta in the differential diagnosis, 
namely: aneurysm, thrombosis and_ co- 
arctation. It is true that no operative pro- 
cedure was undertaken, but the roentgeno- 
graphic findings are so definite that we feel 
that they are sufficient evidence for ac- 
cepting the diagnosis. 


SUMMARY 


A thirteenth case of coarctation of the 
abdominal aorta diagnosed by translumbar 
aortography and the first case with involve- 
ment of the origin of the inferior mesenteric 
artery is described, with review of the liter- 
ature and a discussion of symptomatology, 
etiology and diagnosis. 
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I wish to express my thanks to Dr. Jai Yuni- 
bandhu, medical consultant to the Chulalong- 
korn Hospital, who referred the case to us and 


Tawan Surawongse Bunnag 


DeceMBER, 1957 


Dr. Chalia Vajarabukka of the Department of 
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vestigation this case would not have been dis- 
closed; also to members of the radiological de- 
partment whose enthusiastic cooperation is 
deeply appreciated. 
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A TRUE AND A FALSE ARTERIOSCLEROTIC 
ANEURYSM OF THE SUBCLAVIAN ARTERY* 


By ISRAEL STEINBERG, M.D. 


NEW YORK, NEW YORK 


RTERIOSCLEROTIC aneurysms of 
the subclavian artery are very rare. 
Indeed, McCallen and Schaff* in 1956, in 
reporting an arteriosclerotic aneurysm of 
an anomalous right subclavian artery 
stated that search of the literature failed 
to reveal previous cases. In recent years, 
longevity has resulted in an increased inci- 
dence of arteriosclerotic thoracic aneu- 
rysms;!” accordingly, increase in brachio- 
cephalic artery aneurysms due to arterio- 
sclerosis may also be anticipated. 

In the cases herein reported, an arterio- 
sclerotic aneurysm of the left subclavian 
artery in association with severe thoracic 
and abdominal atherosclerosis and aneu- 
rysms were present in one patient. In the 
other, severe generalized atherosclerotic 
disease with rupture of a calcified intimal 
plaque in the right subclavian artery re- 
sulted in a false aneurysm in the superior 
mediastinum. Subsequently, massive fresh 
hemorrhage into the mediastinum and 
right pleural cavity was fatal. The purpose 
of this report is to correlate the clinical 
and roentgen features of arteriosclerotic 
subclavian artery aneurysms, and thereby, 
establish the criteria for their recognition 
during life. 


REPORT OF CASES 


Case 1. Arteriosclerotic Aneurysm of the Left 
Subclavian and Axillary Arteries Associated 
with Thoracic and Abdominal Aortic Aneurysms. 
A sixty-four year old housewife was referred to 
St. Francis Hospital and Sanatorium by Dr. 
Robert W. Duffy on August 17, 1956 complain- 
ing of abdominal pain and backache. Seven 
years prior to entry, recurrent attacks of back- 
ache radiating to the abdomen began; examina- 
tion disclosed an abdominal mass. However, 
the patient remained fairly well for a year until 


easy fatigability and weight loss began. A 
week before admission, a translumbar abdom- 
inal aortography had been done at another 
hospital; immediately following severe abdom- 
inal pain and backache set in. 

On examination the patient was in moderate 
distress. She was afebrile; the right arm pulse 
was regular, of good quality, rate 74, and blood 
pressure, 120/86 mm. Hg. The left pulse was 
not palpable. There was a systolic murmur over 
the aortic area. The neck vessels, however, 
were not pulsatile. A large, tender midabdom- 
inal mass about 10 by 1o cm. was felt. The lower 
extremity pulses were of good quality and the 
legs were warm and normal in appearance. 

The abdominal aortogram, made at another 
hospital, showed a huge abdominal aneurysm 
‘containing laminated thrombus and calcium. 
The aneurysm appeared to involve the renal 
arteries, although a pyelogram showed some 
filling of the right kidney pelvis. The chest 
roentgenograms (Fig. 1, 4 and B) revealed 
slight cardiac enlargement. There was tortuos- 
ity and unfolding of the thoracic aorta and the 
aortic knob contained calcium. Widening of the 
superior mediastinum was evident; the left 
apex and infraclavicular area contained calcific 
deposits (Fig. 1C). 

On August 22, 1956, an abdominal explora- 
tory operation disclosed a huge aortic aneurysm 
beginning at the celiac axis, involving both 
renal arteries, and extending to the iliac bifurca- 
tion. Resection could not be done because of 
renal artery involvement. Subsequently, cold- 
ness and loss of arterial pulsation of the left leg 
developed. A clot was removed from the left 
femoral artery with return of color, warmth, 
and pulsation in the left leg. However, the 
blood urea nitrogen became elevated and the 
patient died on the fourth postoperative day. 

At autopsy,t the heart was enlarged and 
weighed 460 gm. The coronary ostia were 
widely patent but the coronary arteries showed 


+ Performed by Dr. Leslie Lukash. 


* From the Departments of Radiology, The New York Hospital-Cornell Medical Center, New York, New York and St. Francis 


Hospital and Sanatorium, Roslyn, New York. 
Aided by a grant from the Mallinckrodt Chemical Works. 
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intimal atherosclerosis with approximately 40 
to 80 per cent narrowing of the lumen in many 
sections. The thoracic aorta was slightly wid- 
ened and showed considerable atheromatous 
changes with calcifications in several of the 
plaques. Posteriorly, at the level of the sixth, 
eighth and tenth intercostal arteries, arterio- 
sclerotic saccular aneurysms measuring ap- 
proximately 2-4 cm. in diameter were present. 
The innominate and left common carotid arter- 
ies were normal in size and appearance. In 
marked contrast was a saccular aneurysm of 
the left subclavian artery which measured 3 
cm. in diameter (Fig. 1, D and E). The contin- 


Israel Steinberg 


DeceMBER, 1957 


Fic. 1. Case 1. Left subclavian arteriosclerotic 
aneurysm. (4) Frontal teleroentgenogram 
reveals slight cardiac enlargement and a 
tortuous thoracic aorta with calcium in the 
aortic knob. Note the left apical calcification. 
(B) Left lateral teleroentgenogram showing 
the supraaortic superior mediastinal mass 
(arrow). (C) Enlarged photograph of 4, 
showing the details of the left apical calcifi- 
cations in the subclavian aneurysm (arrow) 
and the linear calcific deposits along the 
course of the subclavian artery (arrows). 


uation of the vessel (left axillary artery) was 
dilated, there being three saccular dilatations 
with markedly calcified wall and with the 
lumen narrowed by laminated blood clot. The 
abdominal aorta was markedly sclerotic and 
contained an extensive aneurysm extending 
from the renal to the iliac arteries; there was 
also a large saccular aneurysm of the right iliac 
artery. 


Case 11. False Aneurysm with Mediastinal 
and Right Pleural Hemorrhage Due to Rupture of 
an Arteriosclerotic Plaque, Right Subclavian 
Artery. 
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Arteriosclerotic Aneurysm of the Subclavian Artery 


Fic. 1. Case 1. (D) Postmortem specimen showing the opened aortic arch revealing an interior view of the 
left subclavian artery aneurysm (arrow). Note the atherosclerotic plaques throughout the aorta. (£) 
Posterior view of the left subclavian aneurysm (arrow). 


A seventy-eight year old white retired female 
nurse (N.Y.H. No. 94419) was referred to The 
New York Hospital by Dr. Seymour Advocate 
on April 4, 1956 because of mental confusion 
and abdominal cramps. She had been seen in 
the clinic in 1935, at the age of fifty-seven years, 
for painful swollen finger joints of both hands. 
Physiotherapy afforded relief for many years. 
In 1951, there developed severe, painful and 
swollen knees; osteoarthritic changes were 
found on roentgen examination. The cardiac 
rhythm was totally irregular but was reverted 
to regular sinus rhythm after treatment with 
quinidine. The blood pressure readings ranged 
from 102/65 to 170/94 mm. Hg. The peripheral 
vessels were sclerotic. A chest roentgenogram 
showed an enlarged left ventricle with sclerotic, 
tortuous brachiocephalic arteries and an elon- 
gated aorta. Roentgen examination of the ex- 
remities revealed severely calcified vessels. 
There were no cardiac murmurs and no signs of 
congestive heart failure. For the next five years 
she had not visited the clinic. On March 25, 
1956, she was admitted to another hospital be- 
cause of loss of memory and nervousness; trans- 
fer was then made to The New York Hospital. 

On examination the patient was febrile (39° 
C.); had a totally irregular pulse of 80; the 
blood pressure was 150/90 mm. Hg. She was 
thin, chronically ill and lethargic with a weak 
voice. She was disoriented and the ocular fundi 
exhibited tortuous vessels with marked arterio- 
venous nicking without exudates or hemor- 
rhages. There was increase in the posteroante- 
rior diameter of the chest; the lungs were clear 


except for a few inspiratory rales at the left 
base. The heart was enlarged to the left, the 
sounds were of good quality, and the aortic 
second sound was louder than the second pul- 
monic sound. A rasping systolic murmur was 
heard over the whole precordium, loudest to 
left of the sternum. The abdominal examina- 
tion was unremarkable. The abdominal aorta 
was palpable, normal in size and unduly pul- 
satile. Ankle jerks were absent but other ab- 
normal neurologic signs were absent. Marked 
sclerosis of the vessels of the extremities was 
again noted. 

Laboratory studies including blood, urine 
and spinal fluid examinations were normal ex- 
cept for a white blood cell count of 14,800. 
Roentgenograms of the chest (Fig. 2, 4 and B) 
showed an enlarged left ventricle with an un- 
folded and sclerotic aorta. A right superior 
mediastinal mass with linear calcifications 
along the upper and posterior margins was 
present, having developed since the 1951 ex- 
amination; the lungs were clear and the trachea 
was in the midline. The electrocardiogram 
revealed auricular fibrillation with left ven- 
tricular hypertrophy. 

Because of high fever, antibiotics were given 
but the fever persisted, ranging between 36.8°C. 
to 38.8°C. daily. Digitalis was also prescribed. 
On the eighth hospital day, sudden dyspnea and 
apprehension appeared but without change in 
blood pressure. The respirations were 30 per 
minute; the quality of the pulse remained good, 
rate 110 and irregular. No abnormal physical 
signs were elicited in the chest. The following 
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Fic. 2. Case 1. False aneurysm of the right subclavian artery. (4) Frontal teleroentgenogram showing en- 
largement of the heart and a tortuous, unfolded arteriosclerotic aorta containing calcium at the knob. 
Note the right superior mediastinal mass with calcium at the upper pole (arrow). (B) Left lateral roent- 
genogram with the superior anterior mediastinal mass (arrow) lined by calcium along its posterior margin. 


day, dyspnea and apprehension recurred; cy- 
anosis was present and a loud “‘croaking”’ noise 
was heard over. the larynx. Similar attacks re- 
curred three to four times during the night. 
Laryngoscopy showed the air-way to be clear. 
An hour later, there was another “choking” 
attack and breathing ceased. The patient be- 
came intensely cyanotic and failed to respond 
to artificial respiration. 

At autopsy,* there was rupture of an arterio- 
sclerotic plaque in the right subclavian artery 
with massive mediastinal and right pleural 
hemorrhage. A rent in the posterior wall of the 
right subclavian artery measured 7 by 2 mm. 
and was located at the junction with the right 
common carotid artery. The lumen of the right 
subclavian artery communicated with a spher- 
ical cavity § cm. in diameter, walled off from 
adjacent structures by a layer of partially or- 
ganized blood measuring 0.5 to 1.0 cm. in 
thickness. A mediastinal hematoma extended 
into the prevertebral and medial cervical fascia 
embedding the esophagus, large vessels, and 
nerves of the neck. Seven hundred cc. of par- 
tially clotted blood was present in the right 
Fic. 2. Case 11. (C) Postmortem specimen showing Pleural cavity (Fig. 2C). 

the location of the false aneurysm (arrow). Notice The heart was enlarged and weighed 420 

the mediastinal and right thoracic hematomas gm.; the left ventricle wall measured 20 mm. 

(arrows). The right (R) and left (L) lungs are seen 

in situ. * Performed by Dr. Gleb Bridzalovich. 
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and the right, 3 mm. in thickness. The leaflets 
and cusps of the mitral and aortic valves were 
thickened by focal arteriosclerotic plaques. The 
walls of the coronary arteries were extensively 
calcified, and their lumina markedly narrowed. 
The walls of the aorta and major arteries were 
severely and extensively altered by numerous 
arteriosclerotic, calcified and eroded plaques. 
Arterionephrosclerosis was also present. Histo- 
logically, all the large arteries were extremely 
atherosclerotic; all vessels having thinned media 
and coalescent, eroded and calcified intimal 
plaques. 


DISCUSSION 


Tortuosity and calcification of a sub- 
clavian artery with masses containing 
calcified thrombus at its origin are appar- 
ently significant clues for the diagnosis of 
an ateriosclerotic aneurysm (Fig. 1, 4, B 
and C). If, as in Case 1, there is also absence 
or diminution of the pulse and widespread 
generalized atherosclerosis involving other 
vessels, the diagnosis seems certain. 

In contrast to Case 1, in which the 
arteriosclerotic aneurysm of the left sub- 
clavian artery was an incidental finding, the 
rent in the right subclavian artery in Case 
11 was lethal and produced a false aneurysm 
that masqueraded as a right superior 
mediastinal tumor (Fig. 2, 4 and 8B). 
Death was apparently due to hemorrhage 
and asphyxia. Retrospective analysis indi- 
cates that fever of unknown origin, local- 
ized calcium plaques in the right subclavian 
artery, and generalized atherosclerosis of 
the peripheral arteries were significant, 
although nebulous clues. 

In Case 1, the definitive diagnosis of left 
subclavian artery aneurysm might have 
been made by angiocardiography. How- 
ever, the poor general condition of the 
patient precluded such studies. Angio- 
cardiography was recommended in Case 11 
but again could not be done because of the 
critical condition of the patient. It is 
doubtful that the false aneurysm could 
have been diagnosed by roentgenography 
alone. The most that might have been re- 
vealed by angiocardiography is buckling of 
the subclavian artery. 


Arteriosclerotic Aneurysm of the Subclavian Artery 


IOI! 


SUMMARY 


Two elderly women with subclavian 
artery aneurysms, one with a previous his- 
tory of hypertension, but both with wide- 
spread generalized atherosclerosis of the 
aorta and peripheral branches are reported. 
In one, there was a true, although inci- 
dental aneurysm of the left subclavian 
artery; death followed an abdominal opera- 
tion that disclosed an inoperable abdominal 
aortic aneurysm. In the other, a false 
superior mediastinal aneurysm resulted 
from rupture of an arteriosclerotic plaque 
in the right subclavian artery. Death was 
due to asphyxia from a mediastinal and 
right pleural hematoma. 

In the patient with the true left sub- 
clavian artery aneurysm, significant clues 
were present in the chest roentgenogram. 
These consisted of tortuosity of the brachio- 
cephalic arteries, a calcified mass at the 
origin of the subclavian artery, and linear 
calcification along the route of the sub- 
clavian artery. In the patient with the false 
aneurysm, an enlarged right superior me- 
diastinal mass, calcium plaques in the right 
subclavian artery, and widespread general- 
ized peripheral arteriosclerosis were the only 
significant hints in the roentgenograms. 


CONCLUSIONS 


A high index of suspicion of the presence 
of a brachiocephalic arteriosclerotic aneu- 
rysm is necessary when superior medias- 
tinal masses are present in the chest 
roentgenograms of patients in the arterio- 
sclerotic age group. This is particularly 
important if there is generalized atheroma 
of the peripheral arteries. Tortuosity, 
buckling and elongation of the brachio- 
cephalic and thoracic aorta are usually also 
present. If there is calcification of the 
superior mediastinal mass at the origin of 
the vessel and along its course, the diagno- 
sis of aneurysm becomes presumptive. 
Angiocardiography will provide the defini- 
tive diagnosis. 

Diagnosis of a false aneurysm of a 
brachiocephalic vessel is more difficult. In 
the absence of calcification, clinical evi- 
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THE EFFECTS OF SUSTAINED DEEP INSPIRATION 
ON THE NORMAL LOWER ESOPHAGUS AND 
PHRENIC AMPULLA IN ERECT ADULTS* 


By BERNARD S. EPSTEIN, M.D. 


NEW HYDE PARK, NEW YORK 


distal portion of the esophagus 
presents variations in configuration 
which merit further roentgenologic con- 
sideration. On gross specimens a dilatation 
designated as the phrenic ampulla may be 
identified proximal to the inferior esophag- 
eal sphincter. The roentgenologic con- 
figuration of this dilatation is variable, and 
differs from patient to patient as well as 
from moment to moment in the same indi- 
vidual. The lower esophagus is physio- 
logically, as well as anatomically, different 
from the remainder of the tube. Considered 
as the ‘“‘gastroesophageal segment of expul- 
sion,” it is composed of the phrenic am- 
pulla above the inferior esophageal sphinc- 
ter, the gastroesophageal vestibule be- 
neath this sphincter and above the con- 
strictor cardiae, and the phrenoesophageal 
elastic membrane which loosely attaches 
this area to the diaphragm.* 

The distal esophagus traverses the eso- 
phageal hiatus of the middle leaf of the dia- 
phragm. Situated to the left of the midline, 
the hiatus is made up mainly, if not en- 
tirely, by the right crus of the diaphragm. 
This is longer, thicker and more tendinous 
than the left. Arising from the upper three 
lumbar vertebrae, it separates into super- 
ficial and deep muscular layers. The thin 
superficial layer forms the right margin and 
the thick deep layer forms the left margin 
of the hiatal ring. The anterior margin of 
the ring is close to the tendinous portion of 
the middle leaf, and posteriorly the hiatus 
is partially occluded by a thin veil of decus- 
sating muscle fibers and fibroareolar tissue. 
The relative level of the esophageal hiatus 
varies considerably, as do the size and 
strength of its muscular components.’ The 
disposition of the gastroesophageal vesti- 


bule is quite variable, particularly insofar 
as its infradiaphragmatic component is 
concerned. Indeed, this portion of the 
esophagus changes its position normally 
with relation to the esophageal hiatus, and 
is influenced by changes in gastric filling 
and position. Because of this the diagnosis 
of a small sliding hiatal hernia may be dif- 
ficult. 

A “pinch-cock” muscular action of the 
crura of the diaphragm against the hiatal 
portion of the esophagus has been consid- 
ered the causative factor in the formation 
of the phrenic ampulla. Recently evidence 
has appeared which questions this theory. 
Dornhurst, Harrison and Pierce? were un- 
able to substantiate such an action in a 
physiologic investigation of the lower 
esophagus utilizing combined roentgeno- 
logic and transducer pressure-recording ex- 
periments. Further evidence was obtained 
by noting that fingers placed within the 
esophageal hiatus at operation during con- 
traction of the diaphragm produced no 
pressure effects. Zaino, Poppel and Blazsik® 
and Poppel, Zaino and Lentino® concluded 
that the esophageal hiatus merely accom- 
modated the passage of the esophagus 
without influencing its action. Braasch and 
Ellis' stated that the diaphragm was unim- 
portant in the mechanism of gastric com- 
petence. Their experiments on dogs indi- 
cated that the site of this function was the 
esophagogastric junction. 

It has been recognized that the phrenic 
ampulla is seen better on deep inspiration. 
However, the effects of a sustained deep in- 
spiration on normal erect adults require 
further investigation inasmuch as previous 
studies have been made mainly with pa- 
tients recumbent.**:®§ 


* From the Department of Radiology, The Long Island Jewish Hospital, New Hyde Park, New York. 
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Fic. 1. Erect spot roentgenogram immediately after swallowing three mouthfuls of barium and taking a 
deep breath. Note the tapered tip of the esophagus and the diffuse dilatation with fluid level (4). With 
maintained inspiration retroperistalsis pushes the barium back into the esophagus and a small amount 
enters the stomach (£). 


Fic. 2. A phrenic ampulla is formed immediately after deep inspiration. Note the tapered upper aspect of the 
ampulla (4). With maintained inspiration retroperistalsis pushes barium back into the esophagus. Note 
the change in the configuration of the distal esophagus (B). 
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The behavior of the esophagus during 
sustained inspiration was examined fluoro- 
scopically and with serial spot roentgeno- 


grams. After swallowing three mouthfuls of 


fluid barium mixture rapidly, the patient 
was instructed to take a deep breath and 
hold it as long as possible. Observations 
were made in the frontal and oblique erect 
positions. In the early part of this study 
similar examinations were made in the re- 
cumbent positions as well, and thick bari- 
um paste also was utilized. Tabulations 
were made of the 100 patients varying in 
age from eighteen to seventy years. There- 
after, records only of those who showed 
changes of unusual interest were kept. 

Forty per cent of the patients showed no 
gross delay in the passage of the barium 
mixture through the lower esophagus. 
However, when a deep inspiration was 
maintained there was a transient dilatation 
of the distal esophagus. No definite am- 
pulla was formed, nor did the esophageal 
dilatation cause retroperistalsis or gross 
changes in the configuration of the esopha- 
gus. At times a momentary hesitation in 
the entrance of the barium into the stom- 
ach was noted immediately after the pa- 
tient inhaled deeply. 

In 35 per cent of the patients, the distal 
end of the esophagus above the diaphragm 
assumed a blunt or tapered appearance 
within a few seconds after deep inspiration. 
There was a delay of up*to about five sec- 
onds in the entrance of barium into the 
stomach. The point of hesitation varied 
from 2 to § cm. above the diaphragm, and 
as recorded on spot roentgenograms the 
point was at the level of the eleventh and 
twelfth thoracic vertebrae. 

Immediately after the supradiaphrag- 
matic portion of the esophagus contracted, 
a dilatation of the esophagus appeared just 
above the point of change. It is assumed 
that the lowermost point of contraction in- 
dicates the site of the inferior esophageal 
sphincter and that the dilatation is the 
phrenic ampulla. Why so variable a phe- 
nomenon occurs with deep inspiration is a 
question of considerable interest. 


Effects of Sustained Deep Inspiration 


The epiphrenic dilatation in this group of 
patients either was fusiform or ovoid. Ret- 
roperistaltic activity was observed pushing 
the barium mixture back into the middle 
third of the esophagus, while only a trickle 
entered the stomach. As the patient main- 
tained inspiration, barium began to enter 
the esophagus below the lower esophageal 
sphincter in spurts of varying sizes. Often 
a fluid level would form in the dilated lower 
esophagus, and this could be seen descend- 
ing as the barium entered the stomach 
through the now distended inferior eso- 
phageal sphincter. Considerable variation 
was noted at the point of delay. In some the 
tapered configuration appeared first, then 
the tapered tip became blunt or almost 
horizontal. In a period varying from one to 
about five seconds, barium entered the 
stomach while the inspiratory effort was 
maintained. During this time the caliber of 


the diffusely distended esophagus remained 


unchanged for a moment and then dimin- 
ished as barium entered the stomach. Dur- 
ing moments of retroperistalsis the lumen of 
the esophagus diminished in size. The 
transitory dilatation of the esophagus per- 
sisted to some degree even when part of 
the barium had entered the stomach, so 
that an air contrast type of roentgenogram 
was obtained. If the patient exhaled the 
column of barium dropped rapidly into the 
stomach. 

In the remaining 25 per cent of patients, 
a similar but exaggerated phenomenon oc- 
curred. Instead of a diffuse widening of the 
lower esophagus, a spherical or ovoid dila- 
tation became manifest during inspiration. 
This terminated either in a sharply pointed 
or almost circular inferior border. Retro- 
peristalsis appeared fairly often at the 
moment of maximum distention. In some 
the barium trickled into the gastroesophag- 
eal vestibule while the circular dilatation 
persisted. Fluid levels appeared which de- 
scended with each pulsation of barium into 
the stomach. With relaxation of inspira- 
tion this dilatation vanished and the bari- 
um flowed into the stomach rapidly. It did 
not appear necessary for the esophagus to 


Fic. 3. Four serial erect spot roentgenograms made about two seconds apart. The first (4) was made 1m- 
mediately after the patient had swallowed three mouthfuls of liquid barium and then taken a deep breath 
B and C were taken while the deep inspiration was maintained. D was taken immediately after the patient 
had exhaled. Note the blunted configuration of the dilated distal end of the esophagus. In D the esophagus 
has emptied but a small amount of barium remains in the phrenic ampulla. 


Fic. 4. Erect spot roentgenograms taken about four seconds after ingestion of liquid barium followed by a 
deep breath. A phrenic ampulla is formed. Above this tertiary contraction waves are seen on the anterior 
aspect of the esophagus (4). While respiration was maintained the esophagus began to empty, but the 
phrenic ampulla persisted as the esophagus above it narrowed (2). 


‘ 
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Fic. 5. Erect spot roentgenograms showing phrenic ampulla formation immediately after deep inspiration 
(4). With inspiration maintained, retroperistalsis pushes the barium back into the esophagus, diminishing 


the size of the ampulla (B). At this moment a small trickle of barium enters the stomach. Note the narrow- 
ing of the esophagus at the proximal end of the ampulla in B. 


be distended with fluid for the ampulla to place while the phrenic ampulla was partly 
form, inasmuch as this phenomenon took _ filled with gas and fluid. 


Fic. 6. Contraction ring in midportion of phrenic ampulla (4). Note the air-fluid level in the ampulla. 
The ring is partly maintained after relaxation of the ampulla (8). 
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Fic. 7. (4, B, C and D). Same patient as Figure 6 one day later. Four erect spot roentgenograms at ap- 
proximately two second intervals. The contraction ring in the phrenic ampulla can again be seen. The ring 
varies considerably in appearance during this sequence. 


At times the similarity in appearance be- 
tween a hiatal hernia and a phrenic ampul- 
la was striking, particularly if the stomach 
was examined with the patient recumbent 
after swallowing the barium and taking a 
deep breath. 

In 5 patients horizontal rings appeared 
in the midportion of the phrenic ampulla. 
These corresponded to those described by 
Ingelfinger and Kramer,’ and Schatzki and 
Gary.’ Unlike some of theirs, none of our 
patients had difficulty in swallowing. Ingel- 
finger and Kramer regarded the ring forma- 
tion as an active motor phenomenon. 
Three of their 6 cases showed no visible 
changes on esophagoscopy. Schatzki and 
Gary considered the ring a passive struc- 
ture, fairly constant in position but variable 
in diameter. They noted the ring only when 
the esophagus was distended, and observed 
that it could not be seen in the upright posi- 
tion except in rare instances. This does not 
correspond with the present observations. 


Since the ring is well above the diaphragm 
and the inferior esophageal sphincter, it is 
unlikely that it is influenced by the muscu- 
lar action of the diaphragm or that it 
necessarily reflects the line of junction of 
the esophageal and gastric mucous mem- 
brane. 


SUMMARY 


Erect fluoroscopic and spot film roent- 
genographic examination of the lower 
esophagus immediately after ingestion of 
liquid barium followed by a sustained deep 
inspiration discloses a transient, variable 
dilatation in the lower esophagus. A fluid 
level may form here and active retroperi- 
stalsis may appear. No changes in sensation 
or taste were noted during this occurrence. 
This dilatation is considered to be the 
phrenic ampulla. Horizontal bands were ob- 
served in 5 patients in this structure. Nei- 
ther excessive filling nor recumbency was 
necessary for the production of this appear- 
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ance. It is believed that this is a neuro- 
muscular change in the esophagus incident 
to the effects of deep inspiration rather 
than one related to muscular action of the 
diaphragm. 


The Long Island Jewish Hospital 
270-05 76th Avenue 
New Hyde Park, New York 
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MILK OF CALCIUM BILE IN THE COMMON DUCT* 


M.D. 
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6 ILK of calcium bile” is a term used 
to describe radiopaque deposits en- 
countered within the gallbladder. It con- 
sists almost entirely of calcium carbonate. 
The demonstration of this material in the 
gallbladder is common, but in the common 
duct is quite rare. A review of the Ameri- 
can literature disclosed 1 case, reported by 
Cohen? in 1955. The purpose of this paper is 
to review the literature, describe the roent- 
genologic criteria for diagnosis, discuss the 
etiology of the formation of milk of 
calcium bile, and to present two cases. 

The first report of milk of calcium bile 
was made by Churchman! in tg1t1. He 
described a putty-like material in the gall- 
bladder which contained soaps of calcium 
salts on chemical analysis. The term milk 
of calcium bile was coined by Volkmann? 
who in 1926 reported 2 cases in which the 
gallbladder contained a white opaque fluid 
instead of bile. In 1933, Phemister et a/.® 
reported 7 cases with calcium carbonate 
deposits in the gallbladder. The cystic 
duct was obstructed in each case. In 1935, 
Kornblum and Hall‘ added 5 cases, and in 
1942, McCall and Tuggle® reported 15 
cases. 

Milk of calcium bile is essentially calcium 
carbonate. Johnston ef described this 
substance as occurring in the gallbladder in 
four different forms: (1) milky fluid, (2) 

streaks of opaque material in translucent 
gelatinous mass, (3) putty-like or pasty 
material, and (4) pure calcium carbonate 
stone. The formation of calcium bile and of 
carbonate gallstones is probably closely 
related. Most observers believe that one 
prerequisite is block of the cystic duct. 
This may occur with a gallstone, stenosis 
due to cancer, or intrinsic and extrinsic in- 
flammatory disease. Wilkie® by ligation of 
the cystic duct in rabbits produced calcium 
stones when cholecystitis was present. When 


the cystic duct was patent, only cholesterin 
stones were formed. He concluded that the 
cystic duct must be occluded before certain 
changes occur in the physiology which lead 
to mucosal alterations in the wall of that 
organ. He postulated that the calcium was 
excreted by the gallbladder; however, 
there is no agreement upon the origin of the 
calcium. Phemister e¢ a/.® believed that it 
was excreted by the gallbladder wall be- 
cause he was able to demonstrate the de- 
position of a rim of calcium only on the gall- 
bladder side of stones in the cystic duct. 
Others believe that it comes from the bile 
because the calcium content in the gall- 
bladder bile is increased in the presence of 
inflammation. The normal acidifying func- 
tion of the gallbladder is interfered with by 
infection, and calcium precipitation occurs. 
There is contradictory evidence regarding 
the origin of milk of calcium bile and the 
problem is not settled. 

Roentgenologically, milk of calcium bile 
appears as a dense, amorphous material 
within the gallbladder, resembling the 
image seen following the administration of 
gallbladder contrast medium. In fact, one 
of the criteria for its diagnosis is that the 
administration of oral cholecystographic 
contrast material does not alter the appear- 
ance of the opaque gallbladder seen on the 
plain roentgenogram. The diagnosis is 
further strengthened by the presence of a 
stone in the expected position of the cystic 
duct. Also, the administration of a fatty 
meal will cause no change in the appear- 
ance of the gallbladder. It may be confused 
with a haustral marking in the colon or a 
renal calculus. Oblique and lateral projec- 
tions of the right upper abdomen will help 
to differentiate these abnormalities from 
the opaque bile shadow. The ease of 
diagnosis of this condition on a plain roent- 
genogram is one of our reasons for making 


* From the Department of Radiology, Harrisburg Hospital, Harrisburg, Pennsylvania. 
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this study routine prior to cholecystog- 
raphy. 


REPORT OF CASES 


Case 1. A sixty-one year old white female 
was admitted to the hospital complaining of 
jaundice and pain in the right upper quadrant 
of the abdomen. The pain began six days before 
admission and was referred to the back and 
right flank. The patient was not jaundiced in 
the past. 

Past History. There were two attacks of se- 
vere pain prior to the present illness. There was 
also a long history of indigestion. Eighteen 
months before admission, the patient had 
cholecystography at another hospital. This re- 
vealed an abnormally functioning gallbladder 
but no evidence of stones or opaque material 
within the gallbladder. 

Physical Examination. The patient was an 
obese white female in acute distress. There was 


Fic. 1. A plain roentgenogram of the abdomen show- 
ing milk of calcium bile in the gallbladder and 
common duct with an opaque calculus at the head 
of the opaque bile column. 


in the Common Duct 


Fic. 2. Artist’s drawing of the roentgenogram 
reproduced in Figure 1. 


marked tenderness and rigidity in the upper 
right quadrant of the abdomen. The sclerae 
and skin were moderately icteric. The physical 
findings were otherwise normal. 

Roentgen Findings. A plain roentgenogram of 
the abdomen showed opaque material within 
the gallbladder. Intermixed were many non- 
opaque densities. The gallbladder seemed 
smaller than normal. There was also an elon- 
gated column of opaque material of similar 
density on the medial aspect of the gallbladder 
in the expected position of the common duct. 
At the head of this column was an opaque stone, 
1.2 cm. in diameter. The stone was at the esti- 
mated level of the ampulla of Vater (Fig. 1 and 
2). 

These findings indicated milk of calcium bile 
in the common duct and gallbladder with a 
stone in the distal end of the common duct and 
multiple calculi in the gallbladder. 

Operative Findings. Laparotomy revealed 
the gallbladder to be small, contracted and 
thick walled. A few stones were palpated in the 
gallbladder. The gallbladder was removed. The 
head of the pancreas was normal. The common 
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Fic. 3. A plain roentgenogram of the abdomen show- 
ing milk of calcium bile in the gallbladder and 
common duct with two stones in the common duct. 


duct was opened and three small stones, plus a 
putty-like material, were removed. A catheter 
was passed into the duodenum, a ““T”’ tube was 
inserted into the common duct and the abdo- 
men closed. 

Pathologic Report. The gallbladder was 7.0 
cm. long and 2.2 cm. in diameter. It was soft, 
pink and yellow with fatty deposits on the 
peritoneal surface. The wall was 0.3 to 0.6 cm. 
thick. The mucosa was thick, soft, yellow and 
fatty. The lumen contained a little viscid, 
greenish-yellow bile and a large amount of yel- 
low muddy material. The three small stones re- 
moved from the common duct measured ap- 
proximately 0.5 cm. in diameter. They were 
rough on the surface and yellow in color. 

Hospital Course. This was uneventful and the 
patient was discharged in seventeen days. 

Diagnosis. Cholecystitis with cholelithiasis. 


Case u. A forty-one year old white female 
was admitted to the hospital complaining of 
severe, recurrent, right upper quadrant ab- 
dominal pain which had been present for the 
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past seven days. The pain was stabbing and 
knife-like and was relieved by morphine sulfate. 
The patient was entirely well prior to the onset 
of present illness, except for vague epigastric 
pain following ingestion of fatty foods. This 
indigestion was not severe enough to cause her 
to seek medical advice. 

Physical Examination. The patient was a 
well nourished white female in acute distress. 
The skin and sclerae were slightly icteric. The 
right upper quadrant of the abdomen was ex- 
tremely tender to palpation and there was 
moderate muscle guarding. The other physical 
findings were normal. 

Roentgen Findings. A plain roentgenogram 
of the abdomen showed opaque material in the 
gallbladder. There were small nonopaque 
shadows within the opaque substance. The 
gallbladder shadow was small. Medial to the 
gallbladder was a long column of opaque ma- 
terial similar in density to the gallbladder; this 
was in the expected position of the common 
duct. This material contained two large stones, 
0.8 cm. in diameter. One of these was at the 
head of the opaque column in the lower portion 


Fic. 4. Artist’s drawing of the roentgenogram 
reproduced in Figure 3. 
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of the common duct; the other calculus was 
found just proximal to this level. These findings 
suggested stones in a dilated common duct and 
gallbladder with milk of calcium bile in both 
the common duct and gallbladder (Fig. 3 and 
4). 

Operative Findings. Laparotomy revealed 
the gallbladder to be dilated and edematous. 
The common duct and head of the pancreas 
were inflamed. The entire biliary tree was in- 
volved in a widespread inflammatory process. 
The surgeon felt it was unwise to excise the 
gallbladder and explore the common duct under 
these circumstances. A cholecystostomy was 
carried out. The mucosa of the gallbladder was 
necrotic throughout. There was a green thick 
sludge of almost putty consistency in the lumen 
of the gallbladder. 

Hospital Course. Drainage through the 
catheter was maintained. The jaundice cleared. 
The patient was returned home for convales- 
cence. A month later she was re-admitted for 
removal of the gallbladder and exploration of 
the common duct. By this time, one of the 
stones in the common duct and the milk of 
calcium bile had disappeared. The other stone 
remained in the common duct and was re- 
moved. The patient then had an uneventful 
recovery. 

Diagnosis. Empyema of the gallbladder; 
calculi in the common duct; pancreatitis. 


In the 2 cases reported here, opaque 
shadows of calcium density were found in 
the gallbladder and common duct on plain 
roentgenograms of the abdomen. In each 
case, an opaque calculus was seen at the 
head of the column of “‘limey bile” in the 
common duct. Both patients had a past 
history of intolerance to fatty foods as well 
as a recent acute attack of right upper 
quadrant pain which was associated with 
jaundice. This latter condition had not been 
present in either case prior to the onset of 
the acute biliary colic. Surgical exploration 
of the common duct in each case confirmed 
the presence of a calculus. One wonders if 
prior to the acute attack, the gallbladder 
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contained the milk of calcium bile with the 
calculus being lodged in the cystic duct, 
then with the final illness, the “‘limey bile” 
and calculus were passed into the common 
duct, leaving a small amount behind in the 
gallbladder. 

The 2 cases reported here are very similar 
to the case reported by Cohen.” 


SUMMARY 


1. Two surgically verified cases of milk 
of calcium bile in the common duct are 
presented. 

2. The roentgenologic criteria for diagno- 
sis of this condition are evaluated. 

3. The etiology of the formation of milk 
of calcium bile is discussed. 

4. The literature of this subject is re- 
viewed. 


234 State Street 
Harrisburg, Pennsylvania 
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HIRSCHSPRUNG'’S DISEASE* 


THE ROENTGEN DIAGNOSIS IN INFANTS 
By WILLIAM A. EVANS, M.D.,f and ROBERT WILLIS, M.D. 


DETROIT, MICHIGAN 


“Fue pathogenesis of Hirschsprung’s 
disease, that is an absence of the gan- 
glion cells of the myenteric plexus in a seg- 
ment of bowel as reported by Zuelzer and 
Wilson,” and Whitehouse and Kernohan” 
in 1948, is generally accepted. The principle 
of treatment, that is the removal of the 
aganglionic segment of bowel as proposed 
by Swenson and Bill’ likewise in 1948, is 
also now generally accepted. Some techni- 
cal details of the operation and its applica- 
tion in the younger age groups have yet to 
be worked out and generally established.": 
While the clinical and roentgen diagnosis, 
as described by Swenson, Neuhauser and 
Pickett?® in 1949, is applicable to older in- 
fants and young children in typical cases, 
diagnostic criteria are less well established 
and recognized for the newborn and young 
infant. This is indicated by the develop- 
ment of the technique of rectal biopsy for 
diagnosis in problem cases by Swenson, 
Fisher, and MacMahon!’ in 1955, by the 
use of special physiologic aids to diagnosis 
in some quarters (Koop!®), and by an im- 
pression that the true incidence and im- 
portance of the disease as a cause of death 
in young infants are not being generally 
recognized. 

It is the purpose of this communication 
to review and extend an investigation of 
the roentgen diagnosis reported in 1954.” 
The present study is based on 24 additional 
cases. These cases with the 11 reported by 
Zuelzer and Wilson” in 1946 and 1948 and 
the 16 reported by McDonald and Evans” 
in 1954 make a total of 51, comprising the 
eperience with Hirschsprung’s disease at 
The Children’s Hospital of Michigan in 
recent years. Three related cases are also 
included in discussing the differential diag- 


nosis (Cases Xxv—XXvII). 

In this group of 24 cases of Hirsch- 
sprung’s disease are 20 males and 4 females, 
18 of whom are white and 6 are Negroes. 
Histologic confirmation of the diagnosis 
was obtained in 1g cases. Nine of the group 
are dead with autopsies obtained in 7. The 
first barium enema examination was per- 
formed at less than one month of age in 14 
cases, between one and six months in 4 
cases, between six months and one year in 4 
cases, and at over one year of age in 2 
cases. Surgical procedures were carried out 
in all but 4 of the cases. These comprised 
laparotomy in 2 cases, a colostomy alone 
in 7 cases, a colostomy followed by a Swen- 
son procedure in 4 cases, and a primary 
Swenson procedure in 7 cases. The junction 
of the ganglionic and aganglionic segments 
was estimated to be in the rectum in I case, 
at the rectosigmoid junction in 12 cases, 
in the sigmoid colon in 6 cases, in the de- 
scending colon in 2 cases, in the ileum in 1 
case, and indeterminate in 2 cases. 


THE AGANGLIONIC SEGMENT 


The absence of ganglion cells of the my- 
enteric plexus in the bowel commonly ex- 
tends from the anus through the rectum to 
an area near the junction of the sigmoid 
colon and rectum. Swenson” reported in 
1953 that in 47 per cent of the cases seen 
by him up to that time the bowel was agan- 
glionic only below the pelvic peritoneal re- 
flection. Extension into the sigmoid or de- 
scending colon is not rare and a few cases 
have been reported in which the entire 
colon and even a portion of the small bowel 
were aganglionic. In general, the agangli- 
onic segment extends continuously for a 
varying distance above the anus. In very 


* From The Children’s Hospital of Michigan. Presented at the Fifty-seventh Annual Meeting of the American Roentgen Ray 
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exceptional cases there may be an isolated 
zone in which there is an absence of gan- 
glion cells. Three such cases have been 
mentioned by Bodian, Carter and Ward;? 
Keefer and Mokrohisky® found two zones 
of aganglionosis in 1 case; and Swenson" 
in 1955 reported the absence of ganglion 
cells extending from the anus in 150 cases 
with the exception of 1 case in which there 
was a cuff 4-6 cm. long in the lower rectum 
containing ganglion cells. In 115 cases re- 
viewed by Bodian* in 1955 and in the 24 re- 
ported by Berman! in 1956, all were agan- 
glionic to the anus. How short a segment 
of aganglionosis may exist and cause symp- 
toms does not yet seem established. Cer- 
tainly some segments may be so short as 
not to be definitely recognizable in the 
barium enema study and yet be productive 
of severe constipation as in Case xxIv. 

The aganglionic segment of bowel was 
originally described by Swenson and Bill!” 
as a ‘“‘benign spastic lesion.”’ Usually it is 
described as being of normal or less than 
normal caliber, but many observers have 
recognized that it is distensible. An agan- 
glionic rectum may be distended by a Foley 
catheter or by a large barium enema but is 
characteristically empty of fecal masses. 
Rehbein and Wernicke"™ observed that the 
rectum may be more distensible than the 
aganglionic bowel immediately above it, 
thus giving a false impression of a short 
segment of aganglionosis. It is also recog- 
nized at operation and autopsy in advanced 
cases that the proximal portion of the agan- 
glionic segment may become dilated by the 
attempted propulsion of fecal masses from 
the ganglionic bowel. Hence the level of dis- 
parity in caliber in the bowel may be some- 
what below the level of the junction of the 
ganglionic and aganglionic segments. The 
aganglionic bowel exhibits small irregular 
uncoordinated peristaltic activity by mano- 
metric balloon studies and is the site of a 
functional obstruction attributable to faulty 
peristalsis or achalasia. 


THE GANGLIONIC SEGMENT 


The colon proximal to the aganglionic 
segment contains a normal number and dis- 
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tribution of ganglion cells except in some 
cases where there is a transitional zone of 
variable length containing a diminishing 
number of ganglion cells toward the totally 
aganglionic segment. In Hirschsprung’s dis- 
ease of long standing, the ganglionic bowel 
is dilated with an hypertrophied wall and 
often an ulcerated mucosa in response to 
chronic obstruction and retention of feces. 
The most marked dilatation and hyper- 
trophy occur immediately above the ob- 
struction, that is, in the descending portion 
of the sigmoid colon in the typical case 
where the aganglionosis extends from the 
anus to the rectosigmoid junction. The 
dilatation and hypertrophy extend more 
proximally with increasing duration of the 
obstruction. These manifestations are not 
present in the newborn or in the first few 
days of life. In 3 cases reported by Ehren- 
preis® in 1945 they were not recognized 


until three to six weeks of age in 2 cases 


and not until the age of three and one-half 
months in 1 case. The pathologic changes 
in the ganglionic segment are reversible, 
and this takes place following colostomy 
or removal of the aganglionic segment and 
may occur during the latent symptom free 
intervals of the disease (Burnard‘) or after 
diligent and successful efforts to evacuate 
the bowel by catharsis and enemas. 

The disparity in caliber between the gan- 
glionic and aganglionic segments is the 
basis for the roentgen diagnosis of Hirsch- 
sprung’s disease as described by Swenson, 
Neuhauser and Pickett?® and many others 
since. It is recognized, however, that a dis- 
parity in caliber is not present in all new- 
borns and is not recognizable or present to 
only a slight or doubtful degree in many 
young infants. McDonald and Evans" were 
impressed that the disparity in caliber is 
often more readily recognized in film studies 
made 24 and 48 hours following a barium 
enema and this is confirmed in the present 
series (Case iv, Fig. 1; Case vi, Fig. 3; Case 
xl, Fig. 6; Case xi, Fig. 7). These find- 
ings have also been recently confirmed by 
Berman! who found that the examination 
by barium enema was not diagnostic of 
Hirschsprung’s disease in 4 of 19 cases 
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studied in the first month of life. In Case v 
(Fig. 2) a disparity in caliber was recog- 
nized in a barium enema examination per- 
formed at five days of age indicating the 
junction of the ganglionic and aganglionic 
segments to be near the splenic flexure and 
this was confirmed at autopsy. In Case 
vit (Fig. 4) a disparity in caliber was ob- 
served in the sigmoid colon at twenty-four 
hours and more clearly at forty-eight hours 
following a barium enema administered at 
two days of age with confirmation obtained 
from the surgical specimen at two and one- 
half years of age. In Case xv a disparity in 
caliber was suspected in the barium enema 
performed at three days of age and later 
confirmed. In Case xvi (Fig. 8) a clear 
disparity in caliber was observed at forty- 
two hours following a barium enema ad- 
ministered at three days of age and con- 
firmed at autopsy. In Case xix (Fig. 9) a 
well marked caliber disparity was demon- 
strated in the barium enema examination 
performed at fifteen days of age. 


STASIS 


Ehrenpreis® in 1945 recognized that the 
primary manifestation of Hirschsprung’s 
disease was a failure of the colon to empty 
its content and that this could be recog- 
nized in the newborn period by observing a 
poor evacuation of the barium enema in 
contrast to the forceful rapid evacuation 
of the barium enema in normal infants. The 
value of observing infants 24 to 48 hours 
or longer following the administration of a 
barium enema was emphasized by McDon- 
ald and Evans! in 1954, by Klein and Scar- 
borough® in 1954 and by Berman! in 1956 
for the early diagnosis of Hirschsprung’s 
disease. In the present series of 24 cases, a 
significant and often marked degree of 
stasis was observed in all cases although 
not in all examinations. Stasis was not rec- 
ognized or was regarded as questionable or 
absent in 4 of the initial examinations in 
the 24 cases. Stasis was demonstrated be- 
fore a recognizable disparity in caliber of 
the segments in 5 cases. Stasis occurs in 
both the ganglionic and aganglionic seg- 
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ments but is more marked in the ganglionic 
segment. Stasis in a totally aganglionic 
colon was reported by Swenson and Fisher!® 
and by Berman'. An almost complete 
colonic stasis for eleven days was present 
in a similar instance (Case x, Fig. 5) in this 
series. Colonic stasis was demonstrated but 
not recognized as being due to Hirsch- 
sprung’s disease in 3 cases in this series 
(Case vil, x and xxiv). In Case x the whole 
colon and lower ileum were aganglionic, in 
Case vii the history was inadequate or mis- 
leading with more clinically prominent 
incidental complications, and in Case 
XXIV stasis was attributed to simple chronic 
constipation in the absence of a demonstra- 
ble disparity in caliber of the segments in a 
four year old child. 


DIFFERENTIAL DIAGNOSIS 


A disparity in caliber of segments in the 
lower bowel may suggest a rectal web, ste- 
nosis, or stricture (rectal malformation 
Type I according to the classification of 
Ladd and Gross) as mentioned by Swenson, 
Neuhauser, and Pickett.?° Actually, such a 
lesion would seem to be very rare and the 
appearance of such a lesion as in Case 11 
would now seem to be more probably due 
to Hirschsprung’s disease. Obstructing in- 
traluminal organic masses (excepting intus- 
susception) must also be extremely rare in 
infants and such an appearance as in Case 
1v would seem to be more probably due to 
fecal masses incident to the fecal stasis of 
Hirschsprung’s disease. 

The clinical manifestations of Hirsch- 
sprung’s disease in the newborn may be 
simulated by atresia or stenosis in the small 
bowel, colon, or rectum, by meconium ileus 
and by the meconium plug syndrome 
(Burnard,! Ehrenpreis,’ Lee," and Clat- 
worthy, Howard, and Lloyd*). In such 
cases we have observed a prompt and fairly 
complete evacuation of the colon after bar- 
ium enema examination in contrast to the 
prolonged stasis in the colon of Hirsch- 
sprung’s disease. Thus, the evacuation of 
the colon is not dependent on a vis a tergo 
and occurs in the presence of more proximal 
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obstructing lesions. 

In the meconium ileus of fibrocystic dis- 
ease of the pancreas, a bowel obstruction, 
usually complete, is produced in the new- 
born by a meconium of a thick viscid con- 
sistency. This is usually present in the lower 
ileum, thus producing signs of ileal obstruc- 
tion. Here, as in ileal atresia, the barium 
enema can be introduced without too much 
dificulty and often rapidly into a small 
empty virginal colon. Occasionally, the 
meconium mass will extend into the proxi- 
mal colon in meconium ileus, thus obstruct- 
ing the retrograde flow of the barium en- 
ema, while in ileal atresia the enema may 
enter the terminal ileum to a point near 
the area of atresia. This differential point 
seems to have some statistical validity in 
comparing our cases of ileal atresia and 
meconium ileus but has not been of practi- 
cal value in the individual case. However, 
in either case, an evacuation of the colon 
does occur distal to the area of obstruction 
(Case xxvi, Fig. 11). 

The meconium plug syndrome, distinct 
from the meconium ileus of fibrocystic dis- 
ease of the pancreas, seems to be a rare 
entity in its severe intractable form but 
probably not uncommon in milder forms. 
This disorder seems to be due to an abnor- 
mal consistency of the meconium rather 
than to any intrinsic anatomic abnormality 
of the bowel or to any primary neuromus- 
cular dysfunction. In most instances the 
plug will occur somewhere in the distal 
colon and will be released without too much 
difficulty by enemas. In severe cases (Case 
xxvil, Fig. 12) the plug may be in the prox- 
imal colon or ileum; simple measures are 
ineffectual and ileostomy or colostomy may 
be required. There is some predilection for 
the disorder in prematures (Bodian*) and 
some prematures have been observed with 
inspissated fecal content of the small intes- 
tine producing a fatal small bowel obstruc- 
tion. In instances of the meconium plug 
syndrome where the plug has not been re- 
leased by the barium enema or subsequent 
therapeutic enemas and where the barium 
has become mixed with the meconium, a 
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stasis of this barium would be anticipated. 

The value of a sign depends not only on 
the frequency of its occurrence in the given 
situation but also on its specificity. How 
specific is colonic stasis for the diagnosis of 
Hirschsprung’s disease? In our experience 
it has a high degree of specificity in the 
newborn and young infant. An exception 
may be assumed in some forms of duplica- 
tion of the colon as was assumed in Case 
xxv (Fig. 10). This case proved to be a 
blind loop syndrome with an exceptionally 
long blind loop formed by the greater por- 
tion of the ileum following an inadvertent 
jejunocolostomy. The blind loop syndrome, 
thus, is another possible basis for abnormal 
stasis in the bowel although this will usually 
be recognized as occurring in a small seg- 
ment of the small bowel following an en- 
tero-enterostomy. In simple chronic con- 
stipation, a prompt and fairly complete 


evacuation of the barium enema is usually 


observed. In some cases colonic stasis fol- 
lowing a barium enema may be observed 
with the greater accumulation of barium in 
a dilated rectum. This situation does not 
usually occur before two or three years of 
age (Swenson") and has not caused serious 
difficulty in differentiation from Hirsch- 
sprung’s disease except where there is a 
very short aganglionic segment above the 
anus as in Case xxIVv. 

The roentgen diagnosis of Hirschsprung’s 
disease is an exercise in pathologic physi- 
ology. This implies that there will be many 
variables in the manifestations from time 
to time in the same case and in different 
cases and that the diagnosis will be made 
with variable degrees of certainty and un- 
certainty. In this situation the rectal bi- 
opsy as developed by Swenson and co- 
workers'® and use of biopsies at laparotomy 
represent a most important and useful con- 
tribution to diagnosis. 


REPORT OF CASES 
Case 1 (J.H., CHs53094). This three day old 
Negro male infant was admitted with a history 


of increasing abdominal distention and vomit- 
ing of thirty-six hours’ duration and no bowel 
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movements since birth. Pregnancy and de- 
livery were uneventul with a birth weight of 
7 pounds, 12 ounces. Physical examination re- 
vealed a markedly distended abdomen and 
rectal examination allowed admission of the tip 
of the little finger. A rectal thermometer was 
introduced per anum but met resistance, and 
when pressure was applied a “thin rectal mem- 
brane was ruptured, following which a copious 
amount of meconium stool was passed.” Barium 
enema study at three days of age was considered 
normal, but the evacuation of barium from the 
colon was not followed. The patient was dis- 
charged at seven days of age, and was re- 
admitted again at three weeks of age because 
of abdominal distention, constipation and 
vomiting. No cause was found and the patient 
responded to medical treatment consisting of 
enemas and was discharged on the third hos- 
pital day. The child was followed as an out- 
patient until the age of four years with the 
complaint of chronic constipation requiring 
enemas for relief. At this time the child was re- 
admitted to the hospital because of abdominal 
distention, chronic constipation, and failure to 
gain weight. Barium enema examination at this 
time revealed a marked dilatation of the sig- 
moid colon with a caliber disparity between the 
sigmoid colon and rectum and barium was still 
observed in the colon three weeks later. The pa- 
tient underwent a Swenson type operation with 
resection of the colon from the mid-sigmoid to 
the anus. Pathologic examination of the sur- 
gical specimen revealed the distal 6 cm. of colon 
to be aganglionic. Subsequently the patient 
has gained weight with no recurrence of the 
previous symptoms. 


Case 1 (J.B., CH58337). This five month 
old white male infant was admitted to The 
Children’s Hospital of Michigan with the his- 
tory of constipation since birth requiring ene- 
mas and castor oil to promote evacuation of the 
colon. The pregnancy and labor were unevent- 
ful with a spontaneous delivery. Physical exam- 
ination revealed a markedly enlarged distended 
abdomen. Barium enema examination demon- 
strated an enormous distention of the descend- 
ing sigmoid colon with a diminishing caliber 
in the rectosigmoid area and rectum. A marked 
stasis of barium was observed in the sigmoid 
colon at thirty minutes, six hours and forty- 
eight hours. Mecholyl bromide was adminis- 
tered without appreciable effect. The hospital 
course was relatively uneventful and the pa- 
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patient was discharged with the expectation of 
having a rectal stricture dilated by a proctolo- 
gist. The infant continued to have constipation 
requiring frequent enemas. Because symptoms 
were controlled by mild laxatives and enemas, a 
definitive surgical procedure was not attempted 
until five years of age when the patient was 
admitted to Boston Floating Hospital. A 
sigmoidoproctectomy was performed revealing 
the distal sigmoid colon and rectum to be 
aganglionic. The patient was last seen at six 
years of age, and although he has occasional 
spontaneous bowel movements, intermittent 
diarrhea and irregular bowel habits have been 
troublesome. 


Case 111 (P.C. CH67838). This two day old 
white male infant was transferred to The Child- 
ren’s Hospital of Michigan with the history of 
vomiting brown stained material for a period of 
twenty-four hours. The infant was delivered 
spontaneously following an uneventful preg- 
nancy and labor. The birth weight was 7 
pounds, 14 ounces. Physical examination re- 
vealed a distended tympanitic abdomen. A 
Levine tube was passed and continuous suction 
was instigated with complete relief of symp- 
toms. At four days of age the patient was 
placed on oral feedings which were well tol- 
erated and the infant was subsequently dis- 
charged. The infant was seen in the out-patient 
clinic on several occasions and always with a 
large protuberant abdomen. At two months of 
age constipation developed which was relieved 
by the use of frequent enemas and supposi- 
tories. A barium enema examination at two and 
one-half months of age revealed no caliber 
disparity, but slow evacuation of the colon 
was noted particularly in the descending and 
sigmoid colon. At ten months of age the pa- 
tient was re-admitted because of intermittent 
constipation and diarrhea for two weeks. 
Physical examination again revealed a dis- 
tended tympanitic abdomen. Barium enema 
examination at ten months of age showed a 
disparity in caliber between the rectum and the 
more proximal colon. Slow evacuation was 
again noted and at four hours a large amount of 
barium remained in the sigmoid colon contrast- 
ing with the small caliber of the rectum. The 
findings were considered to be indicative of 
obstruction at the rectosigmoid junction either 
on a neurogenic or organic basis. The patient 
did well on a medical management and was 
subsequently discharged. At two years of age 
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the patient was admitted to another hospital 
where he underwent a Swenson type operation 
with resection of the distal 14 cm. of colon. 
Pathologic examination of the surgical speci- 
men was reported as an “abundance” of gan- 
glion cells in the proximal portion of the speci- 
men, but an absence of ganglion cells in the 
distal portion of the specimen. Following the 
surgery the patient developed a recurrence of 
symptoms, and barium enema examination at 
another hospital reportedly revealed a caliber 
disparity with the distal narrowed segment 
approximately 4 cm. long indicating that the 
resection of aganglionic bowel had been in- 
complete. The patient was still having severe 
constipation at four years of age. 


Case iv (D.M., CHg1138). This eighteen 
day old white male infant was admitted with a 
history of progressive constipation, intermittent 
vomiting and weight loss since birth. The preg- 
nancy and labor were uneventful and the infant 
was delivered spontaneously with a_ birth 
weight of 6 pounds, 6 ounces. Physical ex- 
amination revealed a distended, tympanitic 
abdomen. Barium enema examination at three 
weeks of age demonstrated a “polyp” at the 
rectosigmoid junction apparently causing some 
obstruction and a slow emptying of the colon 
in the thirty minute, six hour and twenty-four 
hour studies. There was still stasis of barium 
in the colon five days later and the possibility 
of Hirschsprung’s disease was entertained. 
Proctoscopic examination revealed a rectal 
“stricture” which was dilated on several oc- 
casions. The patient began passing normal 
stools and was subsequently discharged. At two 
months of age the patient again developed con- 
stipation and barium enema examination at 
four and one-half months of age revealed a 
disparity in caliber between the descending and 
sigmoid portions of the colon. These findings 
were considered indicative of Hirschsprung’s 
disease, although most of the barium was 
evacuated in one hour. The patient was last 
seen at three and one-half years of age and re- 
quired frequent enemas and suppositories for 
evacuation of the colon. 


Case v (J.A., CH96132). This two day old 


white male infant was transferred to The 


Children’s Hospital of Michigan with a history 
of bile stained vomiting for one day. The preg- 
nancy and delivery were described as unevent- 
ful, and the birth weight was 8 pounds, 2 
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ounces. Physical examination revealed a dis- 
tended, tympanitic abdomen, but no masses 
were palpable. Roentgen examination of the 
abdomen in the supine and upright positions 
disclosed marked gaseous and liquid distention 
of the small bowel. An exploratory laparotomy 
was performed and a band was found to extend 
from the root of the mesentery across the 
transverse colon causing a high degree of colonic 
obstruction. This band was lysed and the ab- 
domen closed with no other cause for intestinal 
obstruction being noted. The infant continued 
to vomit, and at five days of age barium enema 
examination revealed a caliber disparity be- 
tween the transverse and descending colon with 
abnormal colonic stasis of barium at one day, 
three days, and seven days. The findings were 
considered indicative of Hirschsprung’s disease 
with a long aganglionic segment extending from 
the anus to the splenic flexure. At fourteen days 
of age a transverse colostomy was performed 
following which the infant showed some im- 
provement. During the second postoperative 
week, the infant suddenly became dehydrated 
and a high jejunal fistula was noted. The elec- 
trolyte balance was controlled by intravenous 
fluids, but at three months of age a marked 
electrolyte imbalance occurred and the infant 
expired. Postmortem examination revealed an 
aganglionic segment extending from the anus 
to the splenic flexure involving 31 cm. of the 
colon. A generalized peritonitis and jejunal 
fistula were regarded as the direct causes of 


death. 


Case vi (J.R., CH102600). This two week old 
white male infant was admitted with a history 
of vomiting following feedings and chronic pro- 
gressive constipation since birth. The infant 
was born spontaneously weighing 7 pounds, 5 
ounces, and the prenatal history was considered 
normal. Physical examination revealed a 
marked abdominal distention with tympany to 
percussion and absent bowel sounds. Barium 
enema examination demonstrated a disparity in 
caliber between the sigmoid colon and rectum 
with stasis at four hours. The findings were con- 
sidered diagnostic of Hirschsprung’s disease. 
Following this study, a sigmoid colostomy was 
performed at fifteen days of age. Twenty-four 
hours following surgery the patient developed a 
thrombocytopenic purpura considered to be on 
an allergic basis, but although attempts were 
made to replace the blood platelets a progres- 
sive downhill course ensued and the infant ex- 


Fig. 1. Case tv. Typical findings in Hirschsprung’s disease obtained by the barium enema examination in 
an infant three weeks of age (4). The marked stasis in the colon for five days is to be noted and the dis- 
parity in caliber of the ganglionic and aganglionic segments which is not evident immediately and which 
is more marked at five days (D) than at one day (B and C). 
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Fic. 2. Case v. A rather long aganglionic segment demonstrated by barium enema examination at five days 
of age (4 and B) with an abnormal stasis of barium in both the ganglionic and aganglionic segments three 
days (C) and seven days (D) later. 
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. Fic. 3. Case vi. An aganglionosis demonstrated by barium enema examination at two weeks of age (4 and } 
* B) with stasis and caliber disparity evident at four hours (C and D). 
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pired on the thirteenth hospital day. Postmor- 
tem examination revealed the distal 14 cm. of 
colon to be aganglionic. Death was attributed 
to an overwhelming staphylococcic septicemia. 


Case vit (M.D.W., CH104415). This four- 
teen month old white female infant was trans- 
ferred to The Children’s Hospital of Michigan 
with a history of chronic intermittent constipa- 
tion since birth relieved by enemas and sup- 
positories. Three weeks prior to admission the 
infant developed vomiting, diarrhea and fever 
which were treated by antibiotics. These symp- 
toms subsided but the development of progres- 
sive weight loss and severe constipation brought 
about hospitalization. The patient was studied 
at another hospital, but because surgery was 
contemplated she was transferred to this in- 
stitution. The past history revealed a normal 
pregnancy and delivery with a birth weight of 
7 pounds, 13 ounces. Physical examination 
revealed a chronically ill, poorly nourished fe- 
male infant. The abdomen was soft and there 
were no palpable masses. A barium enema ex- 
amination showed normal filling of the colon 
and no caliber disparity or obstruction was 
noted. Abnormal stasis of barium was found in 
a dilated terminal ileum, descending and sig- 
moid colon at one hour, three hours, five hours, 
twenty-three hours and forty-eight hours. The 
findings suggested an extrinsic obstruction to 
the terminal ileum. The patient underwent 
surgery on the sixth hospital day, and an omen- 
tal band obstructing the terminal ileum was 
lysed. A retrocecal appendiceal abscess was also 
noted but appeared to be well localized and 
surgical intervention was felt to be contrain- 
dicated at that time. Following surgery the 
abdomen became distended and the patient 
developed marked nausea, vomiting and tem- 
perature elevation. The patient’s ccndition 
deteriorated rapidly and on the sixth postopera- 
tive day she died. Postmorten examination re- 
vealed a retrocecal appendiceal abscess with 
partial ileocecal valve obstruction and dilata- 
tion of the terminal ileum. The walls of the 
colon appeared thickened and several micro- 
scopic sections of the colon revealed absence of 
ganglion cells although ganglion cells were 
demonstrated in the cecum. 


Case vit (D.B., CH107563). This two day 
old white male infant was admitted because of 
abdominal distention, bile stained vomitus and 
failure to have a bowel movement since birth. 
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The pregnancy and labor were uneventful with 
a spontaneous delivery of an infant weighing 7 
pounds, 1 ounce. Physical examination revealed 
a massive abdominal distention with absent 
bowel sounds. At two days of age barium 
enema examination showed abnormal stasis of 
barium at two, four, twenty-four and forty- 
eight hours with a disparity in caliber demon- 
strated in the later studies between the descend- 
ing and proximal sigmoid colon and the lower 
sigmoid colon and rectum. A diagnosis of 
Hirschsprung’s disease was made with the 
aganglionosis extending from the anus into the 
lower sigmoid colon. Conservative therapy was 
tried but on the eighth day of life the abdomen 
became distended, and a sigmoid colostomy was 
performed. At fourteen months of age the pa- 
tient was re-admitted with a diagnosis of 
“‘nephrosis” which was treated by a medical 
regimen with subsequent recovery and dis- 
charge. A normal intravenous pyelographic 
study was obtained and subsequent events in- 
dicated that the previous diagnosis of nephrosis 
was untenable. At two and one-half years of age 
a Swenson type operation was performed with 
removal of a segment of distal colon. The 
specimen was approximately 35 cm. in length 
with the distal 8 cm. contracted and aganglionic. 


Case 1x (K.R., CH108359). This four day old 
Negro male infant was transferred from another 
hospital with a history of failure to pass a stool 
since birth. The infant was born following a full 
term pregnancy and normal delivery, weighing 
5 pounds, 11 ounces. Physical examination re- 
vealed mongoloid facies and the abdomen was 
distended. Barium enema examination at five 
days of age showed a high position of the ce- 
cum, but no caliber disparity or colonic ob- 
struction. Stasis of barium in the colon was 
noted at eighteen hours and forty-two hours 
and this finding was considered indicative of 
Hirschsprung’s disease. At six days of age the 
infant began to pass normal-colored stools and 
was discharged at thirteen days of age. The 
infant was re-admitted at six weeks of age 
weighing 5 pounds, 1 ounce with diarrhea of one 
week’s duration. Physical examination revealed 
a soft systolic murmur over the precordium and 
marked abdominal distention. He was treated 
with intravenous fluids and plasma, but expired 
shortly after admission. Postmortem examina- 
tion revealed a chronic hepatitis of undeter- 
mined etiology and a marked enteritis of the 
small bowel and proximal colon. Unfortunately, 
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Fic. 4. Case vii. Hirschsprung’s disease in an infant examined at two days of age (4) with stasis and caliber 
disparity demonstrated twenty-four hours (B and C) and forty-eight hours (D) later. 


the microscopic sections of the colon were not 
recorded as to site of origin. However, in two 
sections no ganglion cells could be found, and it 
was assumed by the pathologist that these sec- 
tions came from the sigmoid or descending 
colon. 


Case x (B.G.C., CH112239). This two day 


old Negro female infant was transferred to The 
Children’s Hospital of Michigan with a history 
of bile stained vomitus, abdominal distention 
and failure to have a stool since birth. The 
pregnancy and delivery were uneventful with a 
birth weight of 6 pounds, 4 ounces. Physical 
examination revealed a distended, tympanitic 
abdomen with decreased bowel sounds. Barium 
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enema examination disclosed a marked gaseous 
distention of the small bowel indicating a low 
ileal obstruction, but the caliber and appear- 
ance of the colon were considered normal. A 
subsequent study of the abdomen at twenty- 
four hours revealed abnormal colonic stasis of 
barium. At three days of age a laparotomy was 
performed with decompression of the small 
bowel, but no obstruction was found. Roentgen 
examination of the abdomen at seven days, 
nine days, and eleven days following the barium 
enema revealed a persistent stasis of barium in 
the colon. The small bowel distention which was 
felt to represent a low ileal obstruction per- 
sisted. Because of this a second exploratory 
laparotomy was performed at twelve days of 
age. Multiple adhesions were noted in the right 
lower quadrant, but no definite small bowel 
obstruction was found. The small bowel was 
again decompressed and the adhesions lysed. 
Following surgery the infant’s condition de- 
teriorated rapidly and she expired at fifteen 
days of age. Postmortem examination revealed 
multiple pulmonary abscesses, hepatic necrosis 
and adrenal atrophy. Approximately 5 cm. of 
the terminal ileum and the entire colon were 
aganglionic. 


Case x1 (D.W., CH113242). This white 
male infant was first admitted at one month of 
age with a history of vomiting following feed- 
ings since birth and diarrhea of one day’s dura- 
tion. The infant was delivered from a breech 
position following a labor of thirty-six hours. 
At birth the child weighed 7 pounds, 4 ounces. 
Physical examination revealed only a slightly 
distended tympanitic abdomen. The patient 
was treated for diarrhea and discharged on the 
seventh hospital day. The infant did well for 
about two months then developed vomiting 
and constipation which led to re-admission at 
six months of age. Physical examination at this 
time revealed a distended tympanitic abdomen. 
Barium enema examination at six months of 
age showed an abnormal colonic stasis of 
barium at six, twenty-four and thirty-one hours 
and at four and nine days with a persistently 
dilated descending sigmoid loop and relatively 
small rectum. These findings were considered 
diagnostic of Hirschsprung’s disease with the 
aganglionic segment extending from the anus 
to the rectosigmoid junction. The patient con- 
tinued to eat poorly and a sigmoid colostomy 
was performed. The infant improved following 
surgery and began taking oral feedings without 
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symptoms. Following discharge the infant did 
well for one month but again developed vomit- 
ing for which he was re-admitted at eight 
months of age. He was treated with antibiotics 
and irrigation of the colostomy following which 
he improved and was discharged. Because the 
patient continued to have vomiting and ab- 
dominal distention, he was re-admitted at nine 
months of age for a revision of the colostomy. 
Following this procedure, he improved and 
began taking oral feedings again. The patient, 
however, still appeared chronically ill and 
malnourished and at twenty-two months of age 
was re-admitted for a Swenson type operation. 
About 25 cm. of colon was removed and the 
descending colon anastomosed to the lower 
rectum about 4 cm. above the anus. Pathologic 
examination showed the lower portion of the 
resected colon to be aganglionic and the prox- 
imal dilated portion with a thickened wall and 
ulcerated mucosa to contain nests of ganglion 
cells. Following surgery, the patient developed 
a lobar pneumonia and severe ileus. On the 
seventh postoperative day roentgen examina- 
‘tion of the abdomen revealed free air beneath 
the diaphragm. An exploratory laparotomy was 
performed which revealed an extensive plastic 
peritonitis with disruption of the anastomotic 
site. The patient expired shortly following 
surgery and no postmortem examination was 
performed. 


Case xit (M.F., CH114552). This one day 
old Negro female infant was transferred from 
another hospital with a history of vomiting and 
abdominal distention. The delivery was de- 
scribed as difficult with a labor of twenty hours’ 
duration. Physical examination revealed a 
moderately distended, tympanitic abdomen. On 
rectal examination a tight ring was noted just 
proximal to the internal sphincter. Barium 
enema study at five days of age disclosed no ab- 
normality with “fairly satisfactory but not 
complete emptying of the colon” at one and six 
hours. Following discharge, the infant con- 
tinued to have occasional vomiting and con- 
stipation. She was re-admitted to the hospital 
at five weeks of age and barium enema exam- 
ination at six weeks of age revealed dilatation 
of the ascending and transverse colon with a 
gradual diminution in caliber of the descending 
and sigmoid colon. There was marked stasis of 
barium in the colon at seven, twenty-four and 
seventy-two hours. These findings were con- 
sidered indicative of Hirschsprung’s disease 


FG. 5. Case x. Aganglionosis involving the entire colon and lower ileum demonstrated at two days of age 
(4 and B) by barium enema study. Abnormal stasis of barium in the aganglionic colon was found one 
day (C) and eleven days (D) later. 
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Fic. 6. Case x11. Mild colonic stasis with no appreciable caliber disparity not recognized as Hirschsprung’s 
disease by barium enema examination at five days of age (4 and 8B). Slight caliber disparity and marked 
24 hour stasis indicating Hirschsprung’s disease in the barium enema examination at six weeks of age 


(C and D). 


with a long aganglionic segment extending from 
the anus into the descending colon or splenic 
flexure. A transverse colostomy was performed 
at six weeks of age following which the patient 


improved and was discharged. The infant was 
re-admitted at five months of age with diarrhea 
and vomiting which was treated with antibiot- 
ics and intravenous fluids with subsequent 
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recovery. The patient was last seen at two 
years of age with no symptoms. 


Case xi (H.B., CH119507). This seven day 
old white male infant was admitted because of 
bile stained vomitus, black stools and lethargy 
for a period of twenty-four hours. The preg- 
nancy was uneventful with a normal delivery, 
and the birth weight was 7 pounds, 12 ounces. 
Physical examination revealed nothing of 
significance. Barium enema and barium meal 
examinations at thirteen days of age were con- 
sidered normal. The infant recovered under 
medical management and was discharged at 
sixteen days of age. He was re-admitted at nine 
months of age with chronic constipation, at 
which time barium enema examination re- 
vealed a disparity in caliber between the des- 
cending and mid-sigmoid colon with abnormal 
colonic stasis of barium at five and twenty-four 
hours. These findings were considered diagnos- 
tic of Hirschsprung’s disease. At fifteen months 
of age, the infant was re-admitted and at this 
time barium enema examination again revealed 
typical findings of Hirschsprung’s disease with 
marked stasis at three, seventeen and thirty- 
eight hours and at five days and a disparity in 
caliber between the proximal and distal por- 
tions of the sigmoid colon. A Swenson type 
operation was performed with resection of the 
distal 21 cm. of colon from the mid-sigmoid to 
the mucocutaneous junction of the anus. 
Pathologic examination of the surgical speci- 
men showed the distal 14 cm. of the colon to be 
aganglionic. Following surgery there has been 
complete relief of symptoms with normal 
growth and development. 


Case xiv (J.C., CH125225). This four week 
old white male infant was admitted with the 
history of chronic constipation and intermit- 
tent episodes of vomiting and diarrhea since 
birth. The pregnancy was considered unevent- 
ful and delivery was accomplished by cesarean 
section. The birth weight was 8 pounds, 3 
ounces. Barium enema examination at four 
weeks of age revealed a long dilated sigmoid 
colon in comparison with the rectum and the 
transverse and descending colon. Stasis of 
barium at one, twenty and twenty-eight hours, 
particularly in the lower sigmoid colon, with a 
relatively small rectum was observed. These 
findings were considered indicative of Hirsch- 
sprung’s disease with the aganglionic segment 
extending from the anus to the rectosigmoid 
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junction. The hospital course was uneventful 
and the patient was discharged on medical 
management. Colonic function was maintained 
by a strenuous and conscientious regimen of 
frequent enemas, catharsis and digital manip- 
ulation of the anus. A barium enema examina- 
tion at nine months of age demonstrated a mild 
stasis of barium in the colon at two hours witha 
short, relatively narrow segment above the 
anus. The patient was admitted to Boston 
Floating Hospital at eleven months of age 
where a rectal biopsy confirmed the diagnosis. 
At twelve months of age the patient underwent 
proctectomy by Dr. Orvar Swenson. The 
aganglionic segment extended from the recto- 
sigmoid junction to the anus. The child was 
last seen at eighteen months of age appearing 
normal in all respects with no recurrence of the 
previous symptoms. 


Case xv (G.Y., CH126467). This white male 
infant was first seen at three days of age with 
constipation since birth. Barium enema ex- 
amination revealed no intrinsic organic defect 
or obstruction, but the sigmoid loop was ob- 
served to be very long and of large caliber. A 
large part of the barium was evacuated in 
fifteen minutes but stasis of barium at twenty- 
four and forty-eight hours suggested the possi- 
bility of Hirschsprung’s disease. Conservative 
therapy was instituted and at six months of age 
barium enema examination demonstrated a 
dilated sigmoid colon with a disparity in caliber 
between the sigmoid colon and rectum, but a 
large amount of barium was evacuated in fif- 
teen minutes. At seven months of age the pa- 
tient was admitted to Boston Floating Hospital 
where a rectal biopsy confirmed the diagnosis of 
Hirschsprung’s disease. At nine months of age 
the infant was admitted to this hospital for re- 
moval of a fecal impaction and was subse- 
quently discharged. The patient was re- 
admitted to Boston Floating Hospital at four- 
teen months of age and underwent a 
sigmoidoproctectomy by Dr. Orvar Swenson. 
The child was last seen at twenty-two months 
of age and appeared normal in all respects. 


Case xvi (D.W., CH126606). This white 
male infant was first admitted at nine months 
of age with a history of constipation since birth. 
Physical examination revealed a markedly 
distended, tympanitic abdomen. Barium enema 
examination showed a dilated colon with ab- 
normal stasis of barium at five and twenty-four 


a. 
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Fic. 7. Case x1. Hirschsprung’s disease not recognized at barium enema examination at thirteen days of age 
(4 and B). At fifteen months of age (C) the aganglionic segment is shown to be distensible with the dis- 
parity in caliber between the aganglionic and ganglionic segments not evident until the study at seventeen 


hours (D). 
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hours, and at this time a caliber disparity be- 
came evident between the lower sigmoid colon 
and rectum. Marked stasis was still noted at 
five days, indicating a severe degree of Hirsch- 
sprung’s disease with decompensation of the 
proximal colon. On the fifteenth hospital day, a 
right transverse colostomy was performed and 
considerable inspissated barium was removed 
by irrigation. This barium had been retained 
for thirteen days despite attempts to remove it 
by repeated enemas per anum. The patient im- 
proved rapidly following the colostomy and 
was subsequently discharged. At eleven months 
of age the patient was re-admitted for revision 
of the colostomy, and at nineteen months of 
age a Swenson type operation was performed 
with resection of the colon from the mid- 
sigmoid to the anus. Pathologic study of the 
specimen revealed the distal 7.5 cm. of colon to 
be aganglionic. At twenty-one months of age 
the colostomy was closed. The child appeared 
healthy with a normal height and weight at two 
years of age. 


Case xvi (R.L., CH138639). This Negro 
male infant was born by cesarean section to a 
diabetic mother. The birth weight was 6 pounds 
and the infant responded well at birth. At four 
days of age he was transferred to this hospital 
because of vomiting and failure to have normal 
stools. Physical examination revealed a mark- 
edly distended abdomen which was tympanitic 
throughout. The infant was placed on anti- 
biotics and intravenous fluids with a diagnosis 
of sepsis. The symptoms subsided promptly 
and he was discharged at twenty-four days of 
age. The infant did fairly well for one month 
and then developed marked constipation which 
was relieved by suppositories and enemas. At 
five months of age the patient was re-admitted 
because of marked constipation. Barium enema 
study revealed a disparity of caliber between 
the sigmoid colon and rectum with a markedly 
abnormal stasis of barium at twenty-four, forty- 
eight and ninety-five hours. These findings were 
considered diagnostic of Hirschsprung’s dis- 
ease. The infant was given repeated peroxide 
enemas with relief of the abdominal distention 
and subsequently was discharged. It was felt 
that medical management would be utilized 
until a definite corrective surgical procedure 
could be undertaken. The patient at eight 
months of age requires frequent enemas to 
evacuate the colon. 


Case xvi (C.M., CH139205). This Negro 
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male infant was transferred from another hos- 
pital at three days of age with the history of bile 
stained vomiting and abdominal distention for 
forty-eight hours. The prenatal course and de- 
livery were uneventful with a birth weight of 7 
pounds, $ ounce. Physical examination revealed 
a markedly distended abdomen which was 
tympanitic to percussion. Bowel sounds were 
hyperactive. Barium emema examination at 
three days of age showed a markedly abnormal 
colonic stasis of barium at three, twenty-four 
and forty-two hours and a disparity in caliber 
between the mid and distal sigmoid colon. The 
findings were considered indicative of Hirsch- 
sprung’s disease. The infant was treated con- 
servatively by continous gastric suction and 
intravenous fluids with improvement. Barium 
enema examination at eleven days of age dis- 
closed an improvement in the evacuation of the 
barium with some stasis at six and twenty- 
three hours but complete evaucation at seventy- 
two hours. Because of the apparent improve- 
ment in evacuation of the barium, the infant 
was discharged at thirteen days of age on 
medical management. At three weeks of age the 
patient was re-admitted to the hospital with 
vomiting, diarrhea and abdominal distention 
of three days’ duration. Physical examination 
revealed a chronically ill, poorly nourished in- 
fant with a distended abdomen. On the eighth 
hospital day, a right transverse colostomy was 
performed and functioned well. The infant’s 
condition deteriorated and on the twelfth 
postoperative day he developed a_broncho- 
pneumonia. In spite of intensive intravenous 
fluids and antibiotic therapy he expired at 
forty-nine days of age. Postmortem examina- 
tion revealed the colon to be aganglionic from 
the junction of the descending and sigmoid 
colon to the anus. The immediate cause of 
death was an extensive staphylococcic pneu- 
monia and septicemia. 


Case xix (D.S., CH144612). This white 
male infant was first admitted at four days of 
age with bile stained vomiting and abdominal 
distention of three days’ duration. The preg- 
nancy was uneventful and the infant was de- 
livered spontaneously with a birth weight of 8 
pounds, 11 ounces. Physical examination re- 
vealed a feverish infant with a distended ab- 
domen, passing a foul smelling stool. The infant 
was treated with antibiotics, blood and plasma 
with a rapid recovery and subsequent discharge 


at eight days of age. He was re-admitted at 


age 
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Fic. 8. Case xvi. Abnormal colonic stasis and slight caliber disparity demonstrated by barium enema 
examination at three days of age (4 and B). Stasis again demonstrated at eleven days of age but with no 
appreciable caliber disparity (C and D). Diagnosis of Hirschsprung’s disease confirmed at autopsy. 
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fifteen days of age with progressive vomiting 
and constipation of five days’ duration. Phys- 
ical examination revealed an acutely ill infant 
with a markedly distended abdomen. Barium 
enema examination at fifteen days of age dem- 
onstrated a marked narrowing of the rectum 
and distal sigmoid colon with dilatation of the 
descending and transverse colon. Marked stasis 
of barium was observed at fifteen and twenty 
hours in the dilated transverse and descending 
colon. The findings were considered typical of 
Hirschsprung’s disease with the aganglionic 
segment extending from the anus to the mid- 
sigmoid colon. On the second hospital day a 
sigmoid colostomy was performed, and during 
surgery there was noted to be caliber disparity 
between the mid and lower sigmoid colon. A 
biopsy was taken from the contracted lower 
sigmoid colon which revealed “absence of the 
myenteric plexus.” Following surgery the pa- 
tient convulsed and became cyanotic. From this 
point on the course was downhill and at twenty 
days of age he expired. No postmortem study 
was obtained. 


Case xx (J.D., FB). This seven month old 
white male infant was referred for barium en- 
ema examination with the history of intermit- 
tent constipation for four months. The preg- 
nancy and labor were considered normal. The 
infant was delivered spontaneously with a birth 
weight of 8 pounds, 12 ounces. Barium emema 
examination revealed a slight disparity in 
caliber between the rectum and descending 
sigmoid colon with abnormal stasis of barium 
in the colon at twenty-four hours. These find- 
ings were considered indicative of Hirsch- 
sprung’s disease with the aganglionic segment 
extending from the anus to the rectosigmoid 
junction. The patient did well but required 
multiple enemas and suppositories for evacua- 
tion of the colon. At ten months of age the pa- 
tient was admitted to Boston Floating Hospital 
where a resection of the aganglionic segment 
and proctosigmoidoscopy were performed by 
Dr. Orvar Swenson. At nineteen months of age 
barium enema examination revealed no in- 
trinsic abnormality or caliber disparity. Evacu- 
ation was prompt and normal. Patient was last 
seen at twenty-one months of age appearing 
healthy in all respects with no recurrence of the 
previous symptoms. 


Case xxi (R.C., FB). This white male infant 
was born prematurely weighing 3 pounds. At 
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first there was marked respiratory difficulty, 
cyanosis, and edema of the extremities. Vomit- 
ing occurred on the third day of life and on the 
following day the abdomen became tense and 
distended. There had been no bowel move- 
ments during the first four days. Enemas were 
administered and a large amount of meconium 
was evacuated on the sixth day following which 
the bowel movements became regular. During 
the next several months there were occasional 
complaints of constipation and at four months 
of age there was a period of four days without 
stool. The abdomen was often observed to be 
protuberant. At nine months of age a barium 
enema examination at another institution 
showed a normal colon although twenty-four 
and forty-eight hour examinations of the ab- 
domen made at the insistence of the pedia- 
trician revealed colonic stasis of barium. The 
infant was referred at eleven months of age for a 
repeat barium enema examination which dem- 
onstrated a dilated, elongated sigmoid colon. 
At twenty-four hours, abnormal colonic stasis 
of barium was noted, and at this time a caliber 
disparity became apparent between the lower 
sigmoid colon and the rectum. The findings 
were considered typical of Hirschsprung’s dis- 
ease with thé aganglionic segment extending 
from the anus to the rectosigmoid junction. The 
patient was placed on a regimen of frequent 
enemas to aid colon evacuation. The infant was 
last seen at twelve months of age and considered 
to have a normal growth and development with 
a weight of 17 pounds, Io ounces. 


Case xxi (L.R., CH152210). This eleven 
month old white female infant was admitted 
with the history of progressive constipation 
since two months of age. The patient weighed 
7 pounds, 13 ounces at birth. The pregnancy 
was full term and the labor and delivery un- 
eventful. The infant had one or two stools daily 
for two months then developed constipation 
requiring enemas and suppositories for relief. 
At five months of age the patient developed 
vomiting and diarrhea which responded to anti- 
biotic therapy, and following this she had 
spontaneous bowel movements. This apparent 
improvement, however, ended abruptly after 
two weeks with the onset of severe constipa- 
tion and marked abdominal distention. Enemas 
and suppositories were used constantly to main- 
tain normal colon evacuation. The abdomen 
remained distended to varying degrees despite 
attempts to promote evacuation. At five 


Re 
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Fic. 9. Case x1x. Marked galiber disparity and stasis at fifteen hours (C) and at twenty hours (D) demon- 
strated by barium enema examination at fifteen days of age (4 and B). Rectal tube introduced to the 
splenic flexure of the colon at twenty hours does not significantly promote evacuation (D). 
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months of age the infant weighed 13 pounds, 9 
ounces. Physical examination revealed a mark- 
edly distended tympanitic abdomen. The 
weight on admission at eleven months of age 
was 14 pounds, 13 ounces. Following admis- 
sion, the patient was placed on cleansing 
enemas of saline and peroxide with fair results. 
On the second hospital day it was noted that 
the patient had prolapsed about 2.0 cm. of the 
rectum which was replaced manually. Barium 
enema examination revealed a marked disten- 
tion of the sigmoid, descending and transverse 
colon by gas and fecal material. A caliber dis- 
parity was present between the sigmoid colon 
and rectum. Abnormal colonic stasis of barium 
was noted at three and twenty-four hours. The 
findings were typical of Hirschsprung’s disease 
with the aganglionic segment extending from 
the anus to the rectosigmoid junction. At eleven 
months of age a sigmoid colostomy was per- 
formed. 


Case xxi (A.D., CH 152280). This prema- 
ture white male infant was born of a breech de- 
livery weighing 5 pounds, 23 ounces and being 
the first born of a twin pregnancy. The infant 
had no stools for the first thirty-six hours and 
enemas were given to aid evacuation. At one 
week of age the infant developed vomiting and 
abdominal distention. A barium meal examina- 
tion was performed at fifteen days of age re- 
vealing a grossly dilated descending and sig- 
moid colon at twenty-four hours suggesting an 
infantile type of Hirschsprung’s disease. At 
eighteen days of age the infant was transferred 
to this institution where physical examination 
revealed a distended abdomen with dilated 
superficial abdominal veins. Roentgen exami- 
nation of the abdomen showed a markedly ab- 
normal stasis of barium in the colon at four 
days from the previous upper gastrointestinal 
study. At six days no further evacuation of 
barium was noted and at this time a slight dis- 
parity in caliber became apparent between the 
dilated sigmoid colon and the smaller rectum. 
Despite frequent peroxide enemas, the colon 
remained distended and at twenty-two days of 
age a right transverse colostomy was _per- 
formed. Following this surgical procedure, the 
infant developed an electrolytic imbalance 
which was treated with whole blood, plasma 
and intravenous fluids. The infant’s course, 
however, continued downhill and at twenty- 
five days of age he expired. Postmortem ex- 
amination revealed the distal 7.5 cm. of the 
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colon to be aganglionic from the anus to the 
region of the junction of the rectum and the 
sigmoid colon. Some peritoneal effusion and 
fecal peritonitis and a left hemorrhagic pyelo- 
nephritis were also found. 


Case xxiv (R.B., FB). This four year old 
white male child was referred for barium enema 
study with a history of constipation beginning 
at four months of age and becoming progres- 
sively more severe. Frequent catharsis and 
enemas were necessary to evacuate the colon. 
The pregnancy was uneventful but labor was 
induced at eight months gestation with a nor- 
mal delivery and a birth weight of 7 pounds, 
1 ounce. The neonatal period was uneventful 
and the child developed normally both as to 
height and weight. Barium enema study at four 
years of age revealed a rectum of large caliber 
and a long sigmoid colon extending into the 
right upper abdomen. At one hour very little 
evacuation of barium had occurred, and at 
twenty-four hours considerable gas and barium 
still remained in the colon and rectum. These 
findings were interpreted as a simple chronic 
constipation. The child continued to experience 
difficulty and four months later was admitted 
to Boston Floating Hospital where a rectal 
biopsy revealed an absence of ganglion cells. 
Four days following the rectal biopsy a colo- 
proctectomy was performed by Dr. Orvar 
Swenson. Pathologic examination confirmed 
the diagnosis of Hirschsprung’s disease involv- 
ing the distal colon. Following surgery, the pa- 
tient has been completely asymptomatic, and 
barium enema examination six months post- 
operatively revealed no intrinsic abnormality 
and a normal evacuation of barium. 


Case xxv (F.B., CH134087). This white 
male infant was first admitted at one and one- 
half years of age with a history of diarrhea and 
failure to gain weight. The child had had three 
previous admissions at another hospital be- 
cause of recurrent vomiting beginning at four 
weeks of age. Five months prior to this admis- 
sion, the patient had an ileotransverse colos- 
tomy for an obstruction in the terminal ileum. 
The pregnancy and labor were uncomplicated 
with a birth weight of 6 pounds, 11 ounces. 
Physical examination showed a distended, 
tympanitic abdomen. Barium enema examina- 
tion revealed a large colon with abnormal re- 
tention of barium at one, eighteen and forty- 
two hours and with traces of barium still pres- 
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Fic. 10. Case xxv. Marked stasis occurring at forty-two hours (4) and forty-eight hours (B) after barium 
enemas administered at nineteen (4) and twenty-two (B) months of age in case having a small intestine 
blind loop syndrome resulting from a jejunotransverse colostomy for ileal stenosis. 


ent at five days. This abnormal colonic stasis of 
barium was considered suggestive of Hirsch- 
sprung’s disease. A small bowel study was per- 
formed revealing a normal small bowel pattern 
with barium entering the dilated colon near the 
hepatic flexure. A rectal biopsy was obtained 
but proved inconclusive, and the patient was 
discharged under medical management. He was 
re-admitted at twenty-two months of age be- 
cause of abdominal distention and appeared 
chronically ill and malnourished on admission. 


Barium enema examination revealed barium in 


‘several loops of dilated bowel, and at this time 


reduplication of the colon was considered with 
a marked stasis of barium in the “duplicated 
colon” at forty-eight hours. The patient con- 
tinued to lose weight in the hospital and on the 
fifth hospital day an exploratory laparotomy 
was performed which revealed a blind loop syn- 
drome involving the entire ileum with partial 
stenosis of the distal portion of the ileum and a 
jejunotransverse colostomy. Surgical correction 


Fic. 11. Case xxv1. Normal evacuation of the colon following a barium enema examination 
in an infant with a high degree of ileal stenosis (4 and 8B). 
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Fic. 12, Case xxvii. Barium enema examination with fairly prompt and satisfactory evacuation of the 
barium in a newborn infant with the meconium plug syndrome (4 and B). The meconium ileus of fibro- 
cystic disease of the pancreas was excluded by subsequent studies. . 


was attempted bypassing the stenotic ileum by 
an ileoileostomy. Following surgery, the patient 
showed a marked improvement in growth and 
has had no recurrence of the previous symp- 
toms. The patient was re-examined at two and 
one-half years of age. The gastrointestinal 
series revealed stasis of barium in the ileum at 
twenty-four hours but complete evacuation at 
seventy-two hours. Barium given by enema was 
again retained in the small bowel and colon at 
two, five and twenty-four hours. 


Case xxvi (D.S., CH102318). This ten day 
old white female infant was admitted with a 
history of bile stained vomiting after each feed- 
ing for three days. Her stools were said to be 
normal. Pregnancy and delivery were unevent- 
ful. The birth weight was 6 pounds. Physical 
examination revealed a listless infant with a 
slightly distended and tympanitic abdomen. 
Barium enema examination disclosed no or- 
ganic obstruction of the colon or terminal ileum, 
and normal evacuation was noted. Several 
loops of small bowel were observed to be dis- 
tended with gas indicating a partial small bowel 
obstruction near the junction of the jejunum 


and ileum. On the second hospital day an ex- 
ploratory laparotomy was performed and a 
stenosis was found in the proximal ileum. An 
enteroenterostomy was performed with com- 
plete recovery and discharge on the tenth post- 
operative day. 


Case xxvii (J.R., CH122091). This two day 
old white female infant was admitted with a 
history of vomiting for a period of twenty-four 
hours. The pregnancy and labor were unevent- 
ful. The infant was born spontaneously and 
weighed 6 pounds, Io ounces at birth. Physical 
examination revealed marked abdominal dis- 
tention but otherwise was not remarkable. 
Barium enema examination at two days of age 
disclosed no intrinsic organic lesion of the colon, 
but there was the appearance of some gas 
and/or meconium in the proximal colon. Nu- 
merous gas distended loops of small bowel were 
noted, indicating a partial small bowel ob- 
struction. A large part of the barium was ex- 
pelled promptly. The clinical impression was 
meconium ileus. At two days of age an explora- 
tory laparotomy was performed with resection 
of 8 to 10 inches of the distal ileam which was 
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narrowed and filled with meconium having a 
putty-like consistency. An ileostomy was also 
accomplished and attempts were made to re- 
move the meconium by enemas containing 
pancreatin. At twelve days of age the ileostomy 
was closed by end to end anastomosis. Patho- 
logic examination of the resected ileum was 
considered compatible with meconium ileus. 
Following surgery, the patient experienced an 
extremely stormy course developing pneu- 
monia and periodic vomiting. Stools for trypsin 
were consistently negative. In the second post- 
operative month, the patient showed some 
weight gain and improvement. A barium enema 
examination at two months of age revealed no 
intrinsic organic abnormality. The patient was 
subsequently discharged weighing 7 pounds, 
5 ounces with the diagnosis of mucoviscidosis. 
The patient was re-admitted at three months of 
age for surgical correction of an ileal fistula 
which developed subsequent to the previous 
surgery. This was accomplished by an ileo- 
transverse colostomy bypassing the fistula. 
Roentgen studies of the chest at three months 
of age revealed no evidence of fibrocystic dis- 
ease of the pancreas. In spite of the bypassing 
procedure, the infant continued to pass fecal 
material by way of the fistula. The patient has 
had several re-admissions for blood transfusion, 
the last of which was at sixteen months of age. 
Repeated duodenal drainage examinations re- 
vealed 55 per cent normal activity of trypsin 
and several “‘sweat tests” have been within 
normal limits. Numerous roentgenographic 
studies of the chest at different intervals have 
given no indications of fibrocystic disease of the 
pancreas. Although the patient has been fol- 
lowed as a possible mucoviscidosis, there is 
considerable clinical reservation concerning 
this diagnosis, and it is now thought that the 
original condition was one of a severe degree of 
the meconium plug syndrome. 


CONCLUSIONS 


The roentgen diagnosis of Hirschsprung’s 
disease depends on the recognition of the 
pathologic physiology resulting from a mi- 
croscopic anatomic lesion in the bowel 
which causes bowel obstruction. The mani- 
festations of this pathologic physiology 
vary markedly in time of onset and in se- 
verity in different patients. Abnormal sta- 
sis in the bowel especially in newborns and 
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young infants is an early, dependable, and 
fairly specific sign. Examinations should be 
made twenty-four and forty-eight hours 
following a barium enema for the recogni- 
tion of this sign. Dilatation and hypertro- 
phy of the bowel proximal to the lesion 
often occur later and are dependent more 
on the duration and less on the severity of 
the obstruction. 


Robert Willis, M.D. 
Harper Hospital 
Detroit 1, Michigan 
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PAPILLARY CALCIFICATION IN NECROTIZING 
RENAL PAPILLITIS* 


By LEE B. LUSTED, M.D.,t HOWARD L. STEINBACH, M.D., and 
EUGENE KLATTE, M.D. 


BETHESDA, MARYLAND 


papillary calcification may be 
the first roentgen sign of necrotizing 
renal papillitis. Nephrocalcinosis and calci- 
um encrusted necrotic papillae have been 
mentioned in previous reports, but the 
calcification has not been demonstrated on 
roentgenograms and the importance of the 


observation has not been emphasized. 
The interest in the roentgenologic as- 
pects of necrotizing renal papillitis has 
been demonstrated by the publication of 
three articles?:* during the first nine 
months of 1956. Only two articles,*-’ on the 
subject had appeared in the radiologic 


Fic. 1. Intravenous urogram. (4) Right kidney; (B) left kidney. Dilatation of the collecting system is present. 
Radiolucent halos or ‘“‘ring shadows” which indicate necrotizing renal papillitis are present. 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. Presented at the Tenth 
Annual Meeting of the United States Public Health Service Clinical Society, National Institutes of Health, Bethesda, Maryland, April 


26, 1956. 


t Present address: Diagnostic X-ray Department, Clinical Center, National Institutes of Health, Bethesda, Maryland. 
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Fic. 2. Laminagram of right kidney. The laminagram 
made after the intravenous pyelogram shows rims 
of calcium. Note that the calcium rims and the 
opaque media “ring shadows” are similar in shape 
and surround the necrotic papillae. 


literature in the preceding sixty years. This 
new interest seems to be related to the im- 
proved prognosis of the disease with anti- 
biotic treatment. 

' The roentgen diagnosis of necrotizing 
renal papillitis has been thoroughly dis- 
cussed in recent articles.?*:* We wish to 
illustrate the important contribution which 
roentgen demonstration of renal papillary 
calcification may make to the diagnosis of 
this disease. 


REPORT OF A CASE 


A twenty-five year old white woman was 
admitted to the University of California Hos- 
pital on March 14, 1955 for evaluation of 
diabetes mellitus which had been diagnosed at 
the age of eight years. The control of her dia- 
betes had been poor with numerous insulin re- 
actions, episodes of hyperglycemia and glyco- 
suria. During the six years prior to this admis- 
sion, she had taken globin insulin, 35-40 units 
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before breakfast and 8-15 units before supper. 
Physical examination revealed a blood pressure 
140/100 and Grade ut retinopathy of both 
fundi with numerous microaneurysms and 
flame-shaped hemorrhages. The discharge diag- 
nosis was: diabetes mellitus with diabetic 
retinopathy and early hypertension. 

The second hospital admission on July 1, 
1955 was for acute glaucoma of the left eye. On 
July 8, 1955 a renal needle biopsy was per- 
formed under fluoroscopic control. Minimal 
postoperative hemorrhage ensued and there was 
temperature elevation to 101° F. which promptly 
subsided. The biopsy revealed severe inter- 
capillary glomerulosclerosis. 

A third hospital admission on July 18, 1955 
was required because of left costovertebral 
angle pain and vomiting. The urine contained 
many white blood cells, red blood cells, and the 
culture revealed numerous gram-negative rods 
of the proteus Group. An intravenous pyelo- 
gram on August 18, 1955 demonstrated excava- 
tions of the renal parenchyma in both kidneys 


Fic. 3. Illustration to show the calcium rims dem- 
onstrated by laminagraphy (Fig. 2). 
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Fic. 4. Calcium shells surrounding necrotic papillae. 
Information from the laminagrams suggests that 
the necrotic papilla acts as a nidus around which 
calcium is deposited. 


(Fig. 1). The renal papillae were surrounded by 
opaque medium and one of the renal papillae 
contained a rim of calcium. Laminagrams of the 
kidneys revealed at least four calcified papillae 
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in the right kidney and two calcified papillae in 
the left kidney (Fig. 2 and 3). A roentgen diag- 
nosis of necrotizing renal papillitis was made at 
this time. 

The roentgenogram of the abdomen dated 
July 19, 1955 was reviewed and small calcium 
deposits were noted in the region of the calcified 
papillae later demonstrated on the intravenous 
pyelogram. The calcium deposits were over- 
looked because of the low degree of visibility. 
Laminagrams of the kidney would have been 
helpful in locating such poorly defined calcium 
deposits. The renal laminagrams taken at a 
later examination clearly demonstrated details 
of the calcification not seen on the film of the 
abdomen. In retrospect, we feel that this calci- 
fication was an indication of the developing 
necrotizing renal papillitis. In November, 1955, 
a urinalysis revealed necrotic renal tissue and 
the diagnosis of necrotizing renal papillitis was 
established. With large doses of antibiotics, 
careful diet and insulin regulation, the patient 
survived the acute episode. However, recent 
intravenous urograms have showed further 
calyceal dilatation and calcification (Fig. 5). 


DISCUSSION 


The pathogenesis of necrotizing renal 
papillitis, a disease peculiar to patients 
with diabetes or urinary tract obstruction, 
has not been settled. The renal lesions have 
the appearance of infarct-like necrosis 
which may be ascribed to ischemia. With 
urinary tract obstruction, the cause of 
renal ischemia is apparent. Muirhead ef a/.° 


Fic. 5. Intravenous urogram seven months after the first urogram shows further dilatation of all calyces. 
Flask-shaped distention of left kidney calyces indicates that necrotic papillae have left the cavity. 
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demonstrated with dogs that occlusion of 
medullary vessels could result from lower 
ureter obstruction and increased intra- 
pelvic pressure. 

In patients with diabetes and without 
urinary tract obstruction, the renal ische- 
mia may result from marked inflammatory 
reaction with subsequent pressure on the 
thin-walled capillaries that supply the 
papillae. 

The pattern of the calcification which we 
found in this case interested us. A thin rim 
of calcium barely perceptible on the scout 
roentgenogram of the abdomen surrounded 
the renal papillae (Fig. 2 and 3). It is likely 
that this rim was composed of calcium salts 
deposited on a central nidus of necrotic 
tissue (Fig. 4). Experimental work by Bor- 
land and Jackson! in 1931 has suggested a 
cause for the renal calcification. In his 
experiments, rats were maintained on a fat- 
free diet which resulted in a nutritional 
deficiency of unsaturated long chain fatty 
acids. These rats developed circumscript 
necrosis of the renal papillae combined with 
calcification of the tubules. Robbins and 
Angrist® have suggested a parallelism be- 
tween these experimental lesions and hu- 
man lesions, for it may be significant that in 
the diabetic patient there exists a profound 
disturbance of fat metabolism. 

This analogy is not entirely valid. Fur- 
ther investigation is needed to determine 
the role of renal ischemia and diet in the 
etiology of necrotizing renal papillitis with 
calcification. 


L. B. Lusted, H. L. Steinbach and E. Klatte 


DECEMBER, 1957 


SUMMARY 


Calcification of renal papillae is pre- 
sented as a significant roentgen sign in the 
diagnosis of necrotizing renal papillitis. 

Calcified papillae are best demonstrated 
by laminagrams of the kidney. 


Lee B. Lusted, M.D. 
Diagnostic X-ray Department 
Clinical Center 

National Institutes of Health 
Bethesda, Maryland 
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DIVERTICULAR URETERAL CHANGES* 
A REPORT OF FOUR CASES 
By LELAND E. HOLLY, II, M.D., and BERNARD SUMCAD, M.D. 


DETROIT, MICHIGAN 


HE ureteral changes reported here 

were discovered in 4 patients during 
retrograde ureterographic studies at Harper 
Hospital within a period of nine months. 
The roentgenograms suggest multiple, 
evenly-spaced diverticula of the ureters 
which are bilaterally demonstrated in 3 
of the cases. The defects project outward 
from the ureteral lumen, are filled with the 
contrast medium, and are seen in all por- 
tions of the ureters. 

The manifestations described are the 
first of the kind recorded as far as we have 
been able to ascertain, and their incidence, 
etiology and significance await more defini- 
tive histopathologic and clinical evalua- 
tion. This report is presented with some 
suggestions relative to their possible clin- 
ical importance. 


REPORT OF CASES 


Case 1. A fifty-four year old colored female 
was first admitted to Harper Hospital on June 
19, 1951. Her complaints were those of painful, 
frequent, and urgent urination. The recorded 
history was noncontributory and the physical 
examination revealed no pertinent abnormali- 
ties. 

The routine blood study revealed a red blood 
cell count of 3.94 million, a hemoglobin of 9.9 
gm. and a white blood cell count of 5.6 thousand 
with normal differential counts. The Kahn test 
was negative and a blood nonprotein nitrogen 
determination was 27.7 mg. per cent. The 
routine urinalysis obtained at the time of cys- 
toscopy showed a specific gravity of 1.008 gm. 
per cc., 2 plus albumin, 10 to 15 white blood 
cells and 0 to 2 red blood cells per high power 
field. Urine cultures taken from the bladder and 
both ureters during cystoscopy revealed Pseu- 
domonas aeruginosa growths. 

Cystoscopy disclosed a severe chronic cystitis 
with multiple hemorrhagic areas covered by 
exudate. Retrograde pyelograms were reported 
as normal. 


* From Harper Hospital, Detroit, Michigan. 


On October 25, 1951 the patient was re- 
admitted with recurrent urinary frequency. 
The routine blood study was essentially un- 
changed, an anemia persisting. Urinalysis of 
a cystoscopic urine specimen showed the speci- 
fic gravity to be 1.032 gm. per cc., 2 plus al- 
bumin, 6 to 10 white blood cells per high power 
field, occasional red blood cells, and two plus 
bacteria. Urine specimens from the bladder at 
cystoscopy were cultured. This growth indi- 
cated Escherichia coli. Both ureteral speci- 
mens were sterile. 

The cystoscopic examination on the second 
admission demonstrated two urethral diver- 
ticula near the external meatus apparently 
arising from infected urethral glands (Fig. 1/4). 
Mild cystitis and urethritis were seen. 

On October 29, 1951 a diverticulectomy was 
done and two small cysts in the area of Skene’s 
glands were resected. These showed histologic 
evidence of chronic inflammation surrounding 
the diverticula which were lined by transitional 
epithelium (Fig. 1, B and C). 

This patient was admitted for a third time on 
September 25, 1956, complaining of nocturia 
and diurnal frequency with voiding pain. His- 
tory and physical examination were essentially 
noncontributory. Routine blood study showed 
no abnormality at this time. Urinalysis of a 
specimen obtained through the cystoscope re- 
vealed a specific gravity of 1.008 gm. per cc., I 
plus albumin, 10 to 12 white blood cells and § to 
10 red blood cells per high power field. The 
blood nonprotein nitrogen was 26.5 mg. per 
cent. Urine cultured from the bladder at the 
time of cystoscopy revealed Pseudomonas 
aeruginosa and Monilia growths. 

Cystoscopy on September 29, 1956 disclosed 
acute hemorrhagic cystitis, and on October 1, 
1956 repeat cystoscopy showed subsidence of 
the acute process. Pyelograms by retrograde 
injection of contrast medium on both occasions 
revealed multiple bilateral diverticulum-like 
irregularities along the ureters (Fig. 2, 4 and B 
and Fig. 3). Review of the 1951 roentgenograms 
showed similar ureteral changes which were 
unreported at that time (Fig. 2C). 
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The patient has been symptom-free since anti- 
biotic and sulfa drug therapy. 


Case ut. A thirty-four year old white male 
was first admitted to Harper Hospital on March 
27, 1956 because of a six-hour history of painless 
gross hematuria. No history of dysuria, fever, or 
constitutional symptoms could be elicited. 
The physical examination was unremarkable 
with the exception that digital rectal examina- 
tion revealed a slightly enlarged, boggy, non- 
tender prostate. The routine blood study was 
satisfactory. A blood nonprotein nitrogen was 
determined to be 38.2 mg. per cent. The Kahn 
test was negative. Analysis of a sterile urine 
specimen showed a specific gravity of 1.008 gm. 
per cc. and a slight trace of albumin, but no 
white blood cells and only occasional red blood 
cells were found per high power field. Urine cul- 
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Fic. 1. Case 1. (4) Roentgenogram showing 
the peri-urethral diverticula filled with con- 
trast medium. (Reproduced from micro- 
film.) (B) Low power view of microsection 
from surgical specimen showing diverticu- 
lum (arrow indicates site of Figure 1C). (C) 
High power view of same section as in 
Figure 1B showing transitional epithelium 
and surrounding chronic inflammatory 
round cell infiltration. 


tures and smears for tuberculosis organisms 
were negative on two occasions. 

Cystoscopy with retrograde pyeloureterog- 
raphy showed roentgenographic changes in- 
volving the inferior and middle calyces on the 
left side (Fig. 4). These were thought to suggest 
tuberculosis or a pseudodiverticulum. Visual 
inspection of the bladder revealed no disease 
process. Multiple diverticulum-like ureteral 
changes were also noted on the roentgenograms. 

The patient was re-admitted on June 11, 
1956 complaining of persistent pyuria and he- 
maturia. Physical examination, blood studies, 
nonprotein blood nitrogen-determination, urine 
smears and cultures were again essentially 
negative. Urinalysis of a sterile specimen 
showed only occasional white blood cells but 
many bacteria. 

A second retrograde pyelogram showed no 
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Fic. 2. Case1.(4) Retrograde ureteropyelogram showing multiple bilateral ureteral diverticular changes in upper 
middle thirds of the ureters. (B) Better filling of the right ureter shows persistence of the diverticular 
changes, especially above the right transverse process of the fifth lumbar vertebra. (C) Retrograde uretero- 
pyelogram from microfilm dated 1951 showing poorly the diverticular ureteral changes bilaterally at that 
time (arrow indicates the region of some of the changes in the left ureter). 


Fic. 3. Case 1. Upper portion of the left ureter as 
shown through use of LogEtronography. The 
diverticular changes are clearly shown. 


Fic. 4. Case 1. The upper portion of the left ureter 
and lower left kidney pole by LogEtronography. 
This shows the diverticular changes of the ureter 
and the pseudodiverticular changes in the lower 
renal calyx. 


Diverticular Ureteral Changes 
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change in the appearance of the upper excretory 
tracts. A left heminephrectomy was accom- 
plished on June 19, 1956 to remove the calyceal 
diverticulum of the inferior pole. The patho- 
logic report was that of chronic pyelitis, pseudo- 
cystic dilatation and multiple calcifications in 
the renal papilla (Fig. 5, 4, B and C). 

The patient made an uneventful postopera- 
tive recovery and has remained symptom-free. 
Urine studies have also been negative. 


Case 111. The patient was a twenty-three year 
old colored female seen originally on July 27, 
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Fic. 5. Case 11. (4) The pseudocystic peri- 
calyceal change in the left kidney is well 
shown in this low power field of microsection 
through the surgical specimen from hemi- 
nephrectomy. The small lacuna at the bot- 
tom right was thought to represent a normal 
calyx (arrow indicates the site of Figure 
5B). (B) High power view of the pseudocyst 
shown in Figure 54 showing transitional 
epithelium and interstitial round cell infil- 
tration consistent with chronic inflamma- 
tion. (C) Low power view of the renal pa- 
pilla from the same surgical specimen as in 
Figure 54 showing calcification. 


1956 in the emergency room of this institution 
because of acute hematuria, dysuria, frequency 
and urgency. She was much improved following 
a course of gantrisin therapy and was cysto- 
scoped August 10, 1956. The blood studies, in- 
cluding a Kahn test and a nonprotein nitrogen 
determination, were unremarkable but urinaly- 
sis of a sterile specimen showed 13 to 18 white 
blood cells and 50 to §5§ red blood cells per high 
power field, 1 plus albumin and many bacteria. 

Cystoscopy revealed subsiding hemorrhagic 
cystitis. The bladder and ureteral urine speci- 
mens were cultured and only the former showed 
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Fic. 6. Case 111. (4) Retrograde ureteropyelogram showing the congenital variation present (the two bars 
indicate the limit of the diverticular ureteral changes in this case). (B) Photographic enlargement of the 
left ureteral area blocked off in the previous figure (arrow indicates region of greatest changes). 


growth. This was of Aerobacter aerogenes. 
Retrograde pyelograms indicated bilateral du- 
plications of the renal pelves and ureters. In 
addition, multiple radiopaque ureteral pro- 
jections were noted (Fig. 6, 4 and B). 

This patient was managed with gantrisin and 
when last seen on January 28, 1957 was free of 
complaints and in the third month of pregnancy. 


Case tv. An eighty-five year old colored fe- 
male was hospitalized on February 27, 1957 
complaining of chronic left costovertebral angle 
and flank pain of six to seven months’ duration. 
This constant pain’ became sharp and severe at 
times, particularly just prior to this admission. 
The patient described occasional associated 
dysuria but denied fever, chills, hematuria, 
nausea and vomiting. There was no other per- 
tinent history. Physical examination revealed 
generalized arteriosclerosis and some left costo- 
vertebral angle tenderness. The routine blood 
study was unremarkable. A blood nonprotein 
nitrogen was determined to be 31.7 mg. per 


cent. A Kahn test was negative. Urinalysis in- 
dicated a specific gravity of 1.020 gm. per cc., 
1 plus albuminuria, 20 to 30 white blood cells 
and 1 to 3 red blood cells per high power field. 
Urine cultures obtained from each ureter and 
the bladder revealed Escherichia coli growth 
from all three specimens. 

Cystoscopy on March 4, 1957 showed clear 
cysts at the vesicle neck at 3 and 9 o’clock with 
similar cysts throughout the bladder mucosa. 
A moderate amount of trigonitis and bladder 
trabeculation was noted and it was thought 
that a large bore urethral stricture was also 
present. 

Roentgenograms revealed a calculus in the 
inferior calyx of the left kidney and ptosis of the 
right kidney. In addition, diverticular ureteral 
changes were noted bilaterally (Fig. 7, 4 and 
B). 

Surgical removal of the calculus was rejected 
because of the patient’s age and conservative 
management with gantrisin was started. This 
has been successful to date. 
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Fic. 7. Case 1v. (4) Photographic enlargement of Jower third of the right ureter from a bulb-type retrograde 
ureteropyelogram showing diverticular changes in area of apparent ureteral irregularity (arrows indicate 
larger diverticula). (B) Left ureteropyelogram showing extensive diverticular ureteral changes in the upper 


and middle thirds of the ureter. 


SUMMARY OF CASE FINDINGS 


All 4 patients had some urinary tract 
infection which was chronic in 2 and acute 
in the others. One patient showed a calyceal 
calculus while 3 of the patients had ana- 
tomic urinary tract abnormalities of an ac- 
quired or congenital nature in addition to 
the diverticulum-like ureteral changes. The 
latter were seen bilaterally in 3 patients 
and unilaterally in the fourth. In 1 case 
the ureteral changes were demonstrated 
five years prior to the most recent exami- 
nation. One patient had roentgenographic 
evidence of radiopaque medication in her 
buttocks without a history to suggest its 
nature. All 4 patients had negative Kahn 
tests. Each of the patients was examined by 
a different urologist whose retrograde pyelo- 
graphic injection technique differed from 
that of the others. The instruments and 
media used, however, were essentially simi- 


lar. Intravenous pyelography was not done 
in any case. Three of the patients have re- 
mained clinically well for the intervening 
months to the present date after correction 
of the apparent major etiologic factors in 
their illnesses. The fourth (Case 1v), who 
also had cystic lesions of the bladder at 
cystoscopy, is being managed conserva- 
tively without calculus removal and may 
possibly expect recurrent symptoms. The 
youngest patient was twenty-three and the 
oldest eighty-five years old. Three were 
colored females and the fourth was a white 
male. In only 2 cases is histologic evidence 
available and these are from the urethral 
area (Case 1) and from the renal pelvic area 


(Case 11). 
REVIEW OF THE LITERATURE 


The characteristics of normal and patho- 
logic ureteral epithelium have been amply 
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studied. Source material has ranged from 
the study of a few selected pathologic speci- 
mens to large numbers of unselected au- 
topsy cases. Many excellent reports with 
extensive documentation have been pub- 
lished. Of possible significance in our cases 
are the ureteral epithelial changes occurring 
prior to ureteritis cystica and adeno- 
carcinoma of the ureter. Many reports of 
uni- and multi-cellular secretory and non- 
secretory glands and crypts have been pub- 
lished and implicated in the etiology of 
these two pathologic states. 

Bothe and Cristol? pointed out that 15 
per cent of persons with frank urinary 
tract infection have microscopic evidence 
of cystic ureteral changes. Fagerstrom‘ in 
1948 called attention to the important role 
that chronic infection and chemical irrita- 
tion might have in metaplasia and gland- 
like changes of ureteral epithelium. He 
showed conclusively the increasing fre- 
quency of these changes after twenty years 
of age. Jacob and Mau‘ in 1951 reconfirmed 
the important role of chronic inflammation 
on a clinical and histologic basis. They 
could not, however, exclude developmental 
changes as the fundamental origin of the 
intestine-like epithelium found in their 2 
cases. 

Diverticula of the ureters may, likewise, 
afford some indication of the origin of the 
changes seen in our cases. Again, the litera- 
ture is well presented and documented by 
several authors. Culp’ clarified the true or 
congenital ureteral diverticulum as being a 
protrusion of the entire wall of the ureter 
associated with a definite stoma. A false or 
acquired diverticulum was defined as a 
protrusion of the mucous membrane 
through the muscular ureteral coat. 

Culp* described 10 trué diverticula as of 
1947 with stomata located at the uretero- 
pelvic junction, sacroiliac level and in the 
juxtavesicular segment of the ureter. He 
did not include bifid ureters. All but 2 of 
those cases had symptoms referable to the 
urinary tract. Pain was present in 6 and 
pyuria in 5. Stevens’ case had one diver- 
ticulum of 2 mm. and a second of apparent 
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similar size which had ruptured. Gilmer 
reported a patient with a diverticulum of 
6 mm. diameter, while the largest divertic- 
ulum of 19 cm. in diameter was reported by 
Richardson." 

Acquired diverticula, according to Culp, 
are associated with strictures, calculi or 
trauma, these latter most probably being of 
greatest etiologic importance. He con- 
cludes that congenital diverticula arise 
from alterations of ureteral development. 
These may consist of the appearance of 
multiple wolffian duct buds or of premature 
cleavage in formation of the renal pelvis. 
The oncology is well described by Arey’ 
and Kretschmer.’ 


CONCLUSIONS 


Multiple diverticula of the ureters in 4 
patients have been illustrated and dis- 
cussed. The possibility of their presence 
being artefactitious tends to be excluded 
by their demonstration a second time in 1 
case after an interval of five years, by the 
fact that four different physicians per- 
formed the instrumentation for the retro- 
grade py elography, and by the fact that a 
review of the major literature fails to un- 
cover references to similar findings by 
others. 

Our cases strongly suggest infection as 
the major etiologic factor in the ureteral 
diverticula demonstrated. The diverticula 
possibly represent gland-like metaplastic 
epithelial response to the infection or 
simply pseudodiverticula on a chronic in- 
fectious basis. In Case 1v the presence of 
cystic bladder lesions hint at some inter- 
relationship with the ureteral changes. The 
associated anatomic variations in 3 of the 
cases, however, also suggest a possible role 
for developmental variation. Additional 
case studies, histologic inspection, and ob- 
servation of the changes in the ureters over 
a period of time are needed for full evalua- 
tion. 


Leland E. Holly, M.D. 
Department of Radiology 
Harper Hospital 

Detroit 1, Michigan 
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ADDENDUM 


Since submission of this manuscript for 


publication, three additional patients with 


di 
di 


verticular ureteral changes have been 
scovered. Their case histories are essen- 


tially similar to those included above. One 
of the new cases demonstrated ureteral 
changes three years prior to the recent 
study. No additional surgical or autopsy 


m 


5 


aterial has been available. 
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A COMPARATIVE STUDY OF THREE INTRAVENOUS 
UROGRAPHIC MEDIA BY THE RANDOM 
SELECTION TECHNIQUE* 


By CHARLES H. NICOLAI, M.D., CHARLES F. HUMPHREYS, M.D., 
and JOHN C. KENEALY, M.D. 


ST. LOUIS, MISSOURI 


_— ENABLE us to compare by statisti- 
cal methods the incidence of side reac- 
tions and the quality of the pyelograms 
when using sodium iodomethamate (neo- 
iopax), sodium diatrizoate (hypaque), and 
sodium diprotrizoate (miokon), the follow- 
ing study was made:f 1,468 intravenous 
urographic examinations were performed 
according to a sequence schedule set up by 
using “random number” tables, thereby 
assuring that no preselection entered into 
the sequence in which the three media were 
used and that all agents would be used un- 
der all variable conditions. 

The following technique was employed 
routinely in obtaining the urograms: using 
a standard dose of 30 ml. of a 50 per cent 
solution of each medium for adults and ap- 
proximately 0.5 ml. per kg. of body weight 
for children, the examiner would obtain 
from another member of the staff a syringe 
filled with one of the media along with a 
card bearing the patient’s name. The iden- 
tity of the medium, unknown to the ex- 
aminer, was recorded on the back of the 
card. A preliminary injection of a few milli- 
liters of the medium was given as an “‘intra- 
venous test dose,’’ a procedure of very 
questionable value, but one that is as satis- 
factory as any other when attempting to 
screen for sensitive individuals. If, after a 
few minutes no untoward reactions fol- 
lowed the “test” dose, the remainder of the 
agent was injected over a three to five min- 
ute period. After the injection, the exam- 
iner recorded any reactions that had been 
noted and later in the day the film quality 
was judged by two or more members of the 

+ The material used in this study was generously supplied by 


Schering Corporation, Winthrop Laboratories, and Mallinckrodt 
Chemical Works, 


staff. Films were judged “satisfactory” 
when the pyelogram was adequate to make 
a diagnosis and “unsatisfactory” when in- 
adequate. Thus, reactions and pyelogram 
quality were observed and recorded in each 
case without the examiners knowing which 
medium had been used. By this method, we 
feel that we have pursued as unbiased a 
study as possible. 

The “chi-square” method of statistical 
analysis was applied to the results. A 5 per 
cent “limit of probability” was used in this 
study. A “heterogeneity” analysis indi- 
cated that the three test groups were prop- 
‘erly selected, were homogeneous, and that 
only the injected material was a significant 
variable. 

To preserve the “blind” nature of this 
study, all media were injected over a three 
to five minute period, a technique which is 
against the suggestion by the manufacturer 
of sodium iodomethamate that it be in- 
jected within a thirty to sixty second pe- 
riod. For this reason, vein pain was omitted 
from Tables 1 and 11. The incidence of 
vein pain with each medium was: sodium 


TasB_e I 


NUMBER AND INCIDENCE OF PATIENTS EXPERI- 
ENCING ONE OR MORE REACTIONS* 


Total 


Medium Reactions 
Sodium Dipro- 

trizoate 65 (13%) 424 (87% 489 
Sodium Diatri- 

zoate 58 (12%) 425 (88%) 483 
Sodium Iodo- 

methamate 65 (13%) 431(87%) 496 


* Arm pain excluded; see text. 


* From the Department of Surgery, Division of Urology, Washington University School of Medicine, St. Louis, Missouri. 
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II 


QUALITY OF VISUALIZATION 


Satisfactory Excellent Good 
actory 
Sodium Diprotrizoate 471 (96%) 237 (48%) 160 (33%) 74 (15%) 18 (4%) 
Sodium Diatrizoate 454 (94%) 213 (44%) 157 (33%) 84 (17%) 29 (6%) 
Sodium Iodomethamate 429 (86%) 105 (21%) 164 (33%) 160(32%) 67 (13%) 


diatrizoate: 4 per cent; sodium diprotrizo- 
ate 5 per cent; and sodium iodomethamate 
33 per cent. We feel quite certain that the 
higher incidence of vein pain experienced 
when using sodium iodomethamate was 
due, in great part, to the longer than recom- 
mended injection period. 

There was no significant difference in the 
incidence of side reactions when compar- 
ing all three media. There was a significant- 
ly lower percentage of satisfactory uro- 
grams when using sodium iodomethamate 
than when using either sodium diprotrizo- 
ate or sodium diatrizoate. These latter two 


Tasce III 
Sodium Sodium Sedum 
Reaction Dipro-  Diatri- 
meth- 
trizoate zoate 
amate 
Nausea 42 34 37 
Nausea and vomiting 6 II 
Flush 13 9 12 
Dizziness I 2 6 
Sneezing I 2 
Dyspnea 2 2 i 
Urticaria 4 I 
Cough 2 I 
Tachycardia —- 2 — 
Laryngospasm I 


Cardiovascular collapse 
with recovery — — I 
Headache 
Substernal pain 
Hypersalivation 


| 


* Both with histcry of angina pectoris. 


media produced a high rate of satisfactory 
urograms, there being no significant differ- 
ence in their incidence. Tables 1, 1 and mm 
list the results. 


SUMMARY 


Sodium diatrizoate, sodium diprotrizo- 
ate, and sodium iodomethamate were com- 
pared in a series of 1,468 intravenous uro- 
graphic examinations designed by the 
“random number” sequence technique. 
There was no statistically significant dif- 
ference in the incidence of side reactions 
when comparing all three media. The inci- 
dence of vein pain was significantly higher 
when using sodium iodomethamate than 
with either of the other two media, but for 
reasons explained in the text, this reaction 
was omitted from the over-all analysis. 
Sodium diprotrizoate and sodium diatri- 
zoate each produced a high rate of satis- 
factory urograms, the difference not being 
significant. However, each of these two 
media produced a significantly higher inci- 
dence of satisfactory urograms than did 
sodium iodomethamate with the technique 
of injection employed. 

Charles H. Nicolai, M.D. 


4960 Audubon Avenue 
St. Louis, Missouri 


We wish to express our sincere gratitude to 
Dr. Harry Morgan of the Department of Sur- 
gery, Division of Orthopedics, for his invalu- 
able assistance both in designing this study so 
as to permit a statistical analysis of the results 
and for the performance of this analysis. 
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AUTOMATIC COMPENSATION IN ROENTGENO- 
GRAPHIC PELYCEPHALOMETRY* 


By GEORGE H. BROWN, Jr. 


PRINCETON, NEW JERSEY 


a roentgenogram is made 
of a particular object, the resulting 
image is always slightly larger than the ac- 
tual object under consideration. In many 
cases the image is sufficiently enlarged to 
make the usual mathematical computa- 
tions necessary. This measurement problem 
is particularly important in the field of 
roentgenographic pelycephalometry. The 
purpose of this paper is to describe a simple, 
easily constructed device which will auto- 
matically and directly give a fully com- 
pensated value of a given object dimension. 
This particular device is designed primarily 
for use in roentgenographic pelycephal- 
ometry and eliminates calipers, graphs, 
nomograms, lengthy computations and 
much of the usual work necessary for roent- 
gen image compensation. The device may 
be laid on the film and an automatically 
compensated reading is obtained directly. 

The inherent image distortion is caused 
by the divergence of the roentgen rays and 
is dependent upon three factors, the anode- 
film distance, D, the object-film distance, 
d, and the object dimension, O, in question. 
A correction factor, a number less than 
unity which when multiplied by the image 
dimension will give the true object dimen- 
sion, can be derived for a specific case when 
the values of D and d are known. The value 
of the anode-object distance is the differ- 
ence between D and d. 

The value of D is arbitrary and is set by 
the technician depending upon the limita- 
tions of his roentgen-ray machine, grid 
radius (if he is using a focused stationary 
grid), and the whims of the radiologist. The 
value of d can be found in a relatively simple 
manner, using simple arithmetic and Eu- 
clidean geometry. Thus, with a given image 
dimension, /, and the correction factor CF, 
derived in Figure 1, the true object dimen- 


ANODE. 


Fic. 1. By similar triangles, 


O D-d D-d D-d 
I D D D 


sion can be found. 

Some relief from numbers may be found 
by means of a graph (Fig. 2) with values of 
D plotted as individual lines with d as the 


1.0 
D, 
CF 
0, 
0 


Fic. 2. A graph showing the correction factor for 
specific anode-film distances. As d approaches zero, 
the correction factor becomes unity. When d ap- 
proaches D, the correction factor approaches zero. 


* From the Radio Corporation of America, RCA Laboratories Division, Princeton, New Jersey. 
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MOVABLE CM 


PARALLEL STICK AS ARM 


GUIDE LINES 


VALUES OF d 
CALIBRATED ON D SCALES 


Fic. 3. Constructional principles of a pely- 
cephalometry calculator. 


abscissa and CF as the ordinate. The 
appropriate CF may be obtained for any 
value of d on the curve representing the 
correct value of D. For example, a particular 
radiologic clinic might standardize on an 
anode-film distance of 36 inches (91.44 
centimeters). 

The dimensions required in a pelycepha- 
lometry examination are generally obtained 
from two views, the lateral and the antero- 
posterior. A notched metal centimeter stick 
is placed in the intergluteal cleft of the 
patient. This puts the marker, of course, in 
the mid-sagittal plane of the body. All the 
dimensions to be measured in the lateral 
view lie in this plane, so the marker is en- 
larged in the same proportion as the dimen- 
sions. Thus, since the value of dis the same 
for all these dimensions and the marker, 
a particular distance to be measured may 
be laid on the enlarged scale and a reading 
obtained. 

However, the dimensions in the antero- 
posterior view do not all lie in the same 
plane parallel to the film. Hence, the value 
of dis not the same in each case. A dimen- 
sion in this view is seen in the lateral view 
as a point. The compensated length of a line 
through this point perpendicular to a plane 
representing the table top when the pa- 
tient is positioned for the anteroposterior 
view plus the table-film distance gives the 
value of d for the particular anteroposterior 
dimension. Thus, the lateral view dimen- 
sions can be obtained by the marker and 
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lic. 4. Geometric principles of a pely- 
cephalometry calculator. 


the anteroposterior view dimensions can be 
obtained by the marker plus mathematical 
computation or use of the device under con- 
sideration. 

The correction device (Fig. 3) is con- 
structed as a piece of plastic backing with 
a plastic centimeter stick mounted on it by 
means of a pivot at the zero point. A series 
of parallel lines is drawn on the backing on 
an angle to the horizontal so that the first 
one on the left intersects the pivot. As the 
arm is swung down, a given guide line to the 
right of the pivot intersects the arm at a 
progressively smaller value. A number of 
scales are drawn, one for each of the ordi- 


Fic. 5. A pelycephalometry calculator constructed 
according to the principles of this paper and using 
the base chart of Figure 6. 
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Roentgenographic Pelycephalometry 


Fic. 6. A base chart for constructing a pelycephalometry calculator. (Black-line prints of this chart will be 
furnished by the author upon request.) 


nary values of D. Each D scale is calibrated 
in values of d. . 

The angle between the parallel guide 
lines and the horizontal is determined by 
the value of the smallest CF chosen by the 
designer. Figure 4 shows the appropriate 
geometry in making this determination. 


Here 


sin B=h/O (1) 
and 
sin 4=h/T. (2) 
Hence 
h=Osin B=] sin 4 (3) 
and 


CF=0/I=sin 4/sin B. (4) 


For a given angle 4, the minimum value of 
the correction factor CF is obtained when 
the angle B becomes go degrees (when the 
movable arm is perpendicular to the guide 
lines). In this event, 


sin 4=(CF, minimum value). (5) 


Once the designer has selected the 
smallest CF which he expects to encounter 
in his work, he may establish the angle 47 
by using equation (5). 

Calibration may be accomplished by 
means of the above equations. From equa- 
tions (4) and (5), we obtain 

(CF, minimum value) 


6 
sin CF ( ) 


or 


— 1065 | 
» 5 
10 
a 
5 
/ 
/ 
Qa / 
/ 
22 / 
ee * / 
o> «& 
> 
<9 
by 
& 
4 
% 


1066 
D 


sin B=— (CF, minimum value). (7) 
Equation (7) may then be used to calculate 
the angle B corresponding to a given value 
of don a particular D scale. A direct meth- 
od of putting the appropriate values of d 
at the correct places on the D scales is 
simpler and more precise. For maximum 
accuracy, the extreme right guide line is 
used (Fig. 5 and 6). The arm is set so that 
it is parallel to the top edge of the back 
piece and the reading at the guide line is 
taken, representing an arbitrary value of /. 
Then the value of O for this J and any 
particular values of d and D are calculated. 
Next, the arm is swung down so that the 
line hits the scale at this calculated value of 
O and the calibration is made. Enough of 
these points are found so that interpolation 
is made easy and provides the necessary 
accuracy. When one makes the device, he 
must determine what the maximum value 
of d and the minimum value of D are likely 
to be. These conditions, of course, provide 
the maximum distortion and the smallest 
CF numerically. 

The device is very simple to use for ob- 
taining anteroposteriordimensions. The arm 
is set on the correct d value which is located 
on the appropriate D scale. One end of the 
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image on the film is located at point x (Fig. 
3) and the other end of the image on 
the film falls at some point y. Then one 
uses the guide lines to follow down from 
point y to the centimeter scale for a com- 
pensated reading. 

The use of the device in pely cephalometry 
is perhaps only one of many. For instance, 
it may be of assistance in hip-pinning 
operations and in determination of true 
heart size. The device is theoretically cor- 
rect and can be as accurate as one is willing 
and able to make it. 


552 Mercer Road 
Princeton, New Jersey 
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NOTE ON A DARKROOM DOOR 
INTERLOCK SYSTEM* 


By C. J. KARZMARK, Pu.D. 


SAN FRANCISCO, CALIFORNIA 


RECENT conversion to automatic 

film processing necessitated a door 
interlock system permitting entry without 
interfering with normal processing proce- 
dure. The system described occupies a small 
floor area and had functioned reliably for 
many months. The system consists of two 
doors connected by a 23 ft. long corridor. 
The two doors are electrically interlocked 
in such a manner that when one door is 
opened the other cannot be opened until 
the first is closed. A circuit diagram appears 
in Figure 1. Figure 2 is a photograph of the 
completed installation. 

One of the doors was the existing dark- 
room door from a hallway. The corridor 
consists of a 2X2 in. framework covered 
with plywood. It, together with the second 
door, was fabricated as a unit by the car- 
penter shop. The corridor assembly was 
fastened to the existing door frame and to 


ELECTRIC 


LATCH 
=. 4 
\ WALL D00R | 


the floor of the darkroom. For proper func- 
tioning of the interlock system it is im- 
portant that the doors possess good rigidity. 
Some initial difficulty was experienced in 
the use of a low quality i interior grade flush 
paneled door. A layer of felt or sponge 
rubber insures a light-tight seal of the cor- 
ridor to the door frame and floor. Both 
doors are equipped with hydraulic closers. 

The electric strikes or latch releases are 
of the type commonly found on apartment 
house doors. They are mounted in the door 
jamb to replace the conventional strike 
plate. They must, however, be located with 
a % in. space between strike and latch bolt 
when the door is fully closed. The space is 
-measured in the direction of door transla- 
tion. The locksets employedt{ do not have 
knobs but are operated only with keys and/ 


t Trine, #2500S 8-12 V.A.C. 
t Schlage, #B252PD. 


LINE 
1A. FUSE 
FILAMENT 110 VA.C. 


TRANSFORMER 


SELENIUM 
BRIOGE 
RECTIFIER 
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4 
< 


RELEASE 


CAPACITOR 


LATCH 


Fic. 1. A circuit diagram of the door interlock system. 


* From the Department of Radiology, Stanford University School of Medicine, San Francisco, California. 
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Fic. 2. Photograph of door interlock system. 


or electric latch releases. For this applica- 
tion, the keys are normally not used. They 
are attached to the doors with short chains 
for emergency use only. The small dead- 
locking plungers adjacent to the latch bolts 
were removed. They are unnecessary for 
this application and may possibly interfere 
with normal operation. The doors are 
provided with a push plate and pull handle 
on opposite sides. Interlock switches are of 
the snap action type§ and are located on 
the top of the door jamb above the electric 
latch releases. Each is mounted by means 
of two short aluminum angle sections as 
shown in Figure 2. Where the angle is bolted 
to the switch, slots are used to provide a 
translational adjustment in the direction of 
switch plunger motion. Small metal tabs to 
prevent wear are fastened to the doors at 
the point of switch plunger contact. 

The switches are positioned so that the 
switching action occurs when one door is 


§ Microswitch #BZE-2RN. 
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opened about 1/16 in. This energizes its 
associated electric latch release, permitting 
the door to be opened further, as well as 
open circuiting the other electric latch re- 
lease at the same instant. This permits only 
one door to be open at a time. A good rigid 
door insures that when it is given a slight 
translation by a pull or push near its ver- 
tical midpoint, that point of the door con- 
tacting the switch plunger, which is 
located near the top, is translated approxi- 
mately the same distance. Note that the 
hydraulic door closer exerts a force which 
tends to nullify this relationship. This re- 
quirement could be circumvented by locat- 
ing the interlock switches at the same ver- 
tical level as the push plate and door pull. 
However, at this location it is more difficult 
to prevent their becoming an obstruction 
for clothing, etc. 

The electric latch releases are designed 
to operate on alternating current. They 
proved to be objectionably noisy when 
energized with alternating current, i.e., 
door open position. A small direct current 
supply was constructed. This was located 
on the top of the corridor assembly. Opera- 
tion on direct current has been quiet and 
reliable; no magnetic saturation difficulties 
were encountered with the electric latch 
releases. Power supply components were 
selected conservatively to give trouble-free 
performance. With one door open the vari- 
able resistor was adjusted to provide 1.5 
amperes at 3 volts to the energized coil— 
a power adequate to give reliable operation 
for the particular electric latch release 
employed. 


Department of Radiology 

Stanford University School of Medicine 
Clay and Webster Streets 

San Francisco 15, California 


Items f and { or their equivalents are avail- 
able through builders hardware suppliers, while 
the electrical components may be obtained from 
electronic supply houses. 
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Hollywood Beach, Florida, March 27-29, 1958. 
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FIFTY-EIGHTH ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


year’s Annual Meeting of the 
American Roentgen Ray Society was 
held at the Shoreham Hotel, Washington, 
D. C., October 1-4, 1957. Under the presi- 
dency of Doctor Wendell G. Scott, the 
meeting was one long to be remembered 
not only for the high caliber of the Sci- 
entific Program but for the display of 
scientific exhibits and the pleasant social 
events. The technical exhibits have not 
been surpassed in any of our recent meet- 
ings. 

The Program was arranged by President- 
Elect, Doctor Wendell G. Scott and his 
committee, who were responsible for the 
excellence of the meeting. 

The Scientific Session was formally 
opened on Tuesday morning with a call to 
order by President W. Edward Chamber- 
lain, and the Address of Welcome was given 
by Rear Admiral Bartholomew W. Hogan 
(MC) USN, Surgeon General, United 
States Navy. 

Following immediately upon the Address 
of Welcome, President-Elect Wendell G. 
Scott was installed as President. Doctor 
Scott was inducted into office by President 
W. Edward Chamberlain and the Chairman 
of the Executive Council, Doctor Edward 
B. D. Neuhauser. Doctor Scott in his In- 
augural Address gave a splendid discussion 
on The Emergence of the Clinical Radiolo- 
gist. Doctor Scott’s address was a prologue 
to a group of papers dealing with a most 
important topic—namely, Today’s Prob- 
lems in Radiation Hazards and What is 
Being Done About Them. This group of 
papers, which are so timely and so apt in 
the present worldwide interest in radiation 
hazards, are being published elsewhere in 
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this issue of the JourNaL. If one wishes to 
familiarize himself with the present prob- 
lem of radiation hazards, he need only to 
read this comprehensive group of papers to 
bring himself up to date on the subject and 
the precautions that must be taken in the 
use of all phases of radiation and the pos- 
sible hazards to those who employ radia- 
tion not only for diagnostic but for thera- 
peutic purposes as well. 

On Tuesday evening the Annual Caldwell 
Lecture was given by Doctor Eugene P. 
Pendergrass, Professor of Radiology, Uni- 
versity of Pennsylvania, School of Medi- 
cine, who was introduced by Doctor 
Warren W. Furey, Clinical Professor of 
Roentgenology, Loyola University School 
of Medicine, Chicago, Illinois. Doctor 
Pendergrass chose as his subject Silicosis 
and a Few of the Other Pneumoconioses; 
Observation on Certain Aspects of the Prob- 
lem with Emphasis on the Role of the 
Radiologist. This lecture was most interest- 
ing and instructive. No one speaks with 
greater authority on a subject dealing with 
silicosis than does Doctor Pendergrass. He 
emphasized among other important points 
the role of the radiologist not only in the 
diagnosis of silicosis and pneumoconiosis, 
but the important part that the radiologist 
might play in the prognosis of the disease. 
At the completion of this address, President 
Scott with most appropriate and well 
chosen phrases congratulated Doctor Pen- 
dergrass for his great work in medicine and 
radiology and presented to him the Cald- 
well medal. 

On Wednesday morning the Scientific 
Program of the Society was continued with 
an excellent group of papers dealing with 
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various subjects, not only on roentgen 
therapy but on the diagnostic problems of 
roentgenology. Also, on Wednesday morn- 
ing there was an extensive symposium 
dealing with esoteric diseases of the lungs. 
Doctor Leo G. Rigler was Chairman of 
this symposium which comprised a group 
of papers dealing with numerous unusual 
and atypical diseases involving the lungs 
not only of adults but of children and in- 
fants. As would be expected with a sym- 
posium under Doctor Rigler’s chairman- 
ship, it proved to be most interesting and 
instructive. 

The Scientific Program was continued on 
Thursday morning with a group of subjects 
dealing with all aspects of roentgenology, 
but particularly diagnostic roentgenology. 
Another symposium was conducted under 
the chairmanship of Doctor Edward B. D. 
Neuhauser dealing with Benign Bone Le- 


sions in Childhood. This symposium was , 


given by Doctors Caffey, Ross, Holt and 
Lodwick, and was devoted to the presenta- 
tion of recent studies on metabolic bone 
disease in childhood, the recognition of 
certain abnormalities of the development 
of the hips and pelvis with particular refer- 
ence to mongolism, and a discussion of the 
differential diagnosis of benign destructive 
lesions of bone. As was stated by Doctor 
Neuhauser in his introductory remarks, 
“This discussion should prove particularly 
valuable as rapid strides have been made 
in all these areas during the past few years.’ 
As prophesied by Doctor Neuhauser, the 
discussion was a most valuable and in- 
tensely instructive one. 

On Thursday evening, cocktails in the 
Lower Lobby preceded the Annual Ban- 
quet, which was served in the Terrace 
Room of the Shoreham Hotel. At the 
Banquet not only were the new officers 
introduced to the Members of the Society, 
but there was presentation of the Scientific 
Awards. The attendance was one of the 
largest in the last several years, and the 
Banquet proved to be a most delightful 
and festive occasion. The floorshow itself 
was excellent and the opportunity for 
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dancing following the conclusion of the 
Banquet made the evening a most enjoy- 
able one. 

On Friday morning the Scientific Ses- 
sions of the Society continued with a 
valuable group of papers dealing with 
radiation therapy in its various forms, 
together with an interesting group of diag- 
nostic papers. 

Elsewhere in this issue of the JourNAL 
there is a discussion of the Scientific Ex- 
hibits and those who received the awards 
are listed in that discussion. 

Among the guests who honored the 
Society by their presence were Peter J. Ker- 
ley, M.D., F.R.C.P., F.F.R., and D. W. 
Smithers, M.D., F.R.C.P., F.F.R. of Lon- 
don, England. These two distinguished 
radiologists not only participated in the 
Scientific Sessions of the Meeting but were 
also members of the Faculty of the Instruc- 
tion Courses. The members and guests of 
the Society were happy to again welcome 
into the States Brigadier General D. B. 
McGrigor, O.B.E., a long time friend of 
many members of the Society and one who 
has had a notable career in the practice of 
radiology. He served as consultant in 
radiology for the British Army in the 
European Theatre of Operations, and has 
only recently retired from the regular 
British Army after serving forty-four years 
as an officer in charge of radiology. For his 
distinguished service during World War II 
and for his great assistance to American 
officers in the Medical Corps, particularly 
those in the Department of Radiology, he 
was awarded the American Legion of 
Merit. 

The Instructional Courses, which over 
the years have been one of the important 
features of the Annual Meeting of the 
American Roentgen Ray Society, were 
given this year under the Directorship of 
Doctor Harold O. Peterson. As would be 
expected the various courses attracted a 
large group of interested individuals. Doc- 
tor Peterson had surrounded himself with 
a distinguished faculty of Instructors. 

As is customary, adequate time was 
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allotted for viewing the Scientific and Com- 
mercial Exhibits. 

The Scientific Exhibits, collected under 
the Chairmanship of Doctor John F. Holt, 
were intensely instructive. Doctor Holt 
and his committee have continued the 
standard for such exhibits and those who 
follow will find it somewhat difficult if not 
impossible to surpass the quality and charac- 
ter of the exhibits at this meeting. 

Needless to say, the Technical Exhibits 
at this year’s meeting of the Society were 
outstanding, both in quality and character, 
and there was ample room for the display 
of these exhibits. They attracted the atten- 
tion of the members of the Society and 
their guests and all were praiseworthy in re- 
spect to the type and scope. This issue of 
the JouRNAL contains an account of the 
exhibits and a detailed list of the exhibitors. 

The primary interest at all Annual 
Meetings, of course, is the Scientific Ses- 
sions, but this report would not be complete 
did we not call attention to the various 
social events which highlighted the Wash- 
ington meeting. The Society is grateful to 
the Committee on Local Arrangements 
under the able Chairmanship of Doctor 
Edgar M. McPeak for the excellence of the 
social activities which had been prepared. 
For the visiting ladies, a fine program of 
entertainment had been arranged by the 
local Ladies Committee under the Chair- 
manship of Mrs. Edgar M. McPeak, con- 
sisting of a “Golf Widows’”’ dinner, luncheon 
and various trips of interest throughout 
Washington. To this Committee and those 
who participated in the arrangement of 
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the program and the splendid manner in 
which it was executed, the Society is very 
grateful and extends its profound thanks. 

On Monday preceding the beginning of 
the meeting, the Annual Golf Tournament 
was held at the Manor Country Club, 
Norbeck, Maryland, for members of the 
Society and its guests. Competition in the 
golf tournament was for the Willis F. 
Manges Trophy and for the Exhibitors’ 
Trophy. This was followed by the Annual 
Golf Dinner at the Manor Country Club. 

To the Washington Convention Bureau, 
the members of the Society express their 
appreciation for the competent manner in 
which the registration at the Annual Meet- 
ing was handled. 

To the Management and Staff of the 
Shoreham Hotel the Society has nothing 
but gratitude for the arrangements which 
were made for the meeting. 

To the Committee on Press Relations 
under the Chairmanhsip of Doctor Ralph 
M. Caulk, with the assistance of Doctors 
Eugene McDonald and Isidore Lattman 
and with the splendid aid and excellent 
judgment of Mr. Hugh Jones of the Amer- 
ican College of Radiology, the Society 
desires to express its thanks for a job well 
done. 

As one may judge from the comments 
which were heard both during and after 
the meeting, it is the concerted opinion of 
those attending that the Fifty-eighth An- 
nual Meeting of the American Roentgen 
Ray Society was outstanding in all respects 
and one that will be long remembered for 
its excellence. 
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IRA HIRAM LOCKWOOD 
1885-1957 


[™ IS with considerable misgiving that I 

undertake to write this obituary for our 
friend and colleague, Ira Hiram Lockwood. 
I fear that my words are inadequate to 
express the measure of his life and achieve- 
ments or the esteem of his friends and 
colleagues. Life began for Ira in Storm 
Lake, lowa, November 29, 1885, where he 


obtained part of his schooling, graduating 
with a B.S. Degree from Buena Vista 
College. This College also gave him the 
honorary degree of Doctor of Science in 
1956. From 1905 to 1907 he attended Iowa 
University and graduated in Medicine 
from General Medical College, Chicago, in 
1909. There followed a few years of general 
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practice in Lincoln, Nebraska, and then 
World War I. In this conflict he held the 
rank of Major, first as Chief of the X-ray 
Department of Evacuation Hospital 1 
AFF and later as head of the X-ray Service, 
and Army AEF. 

In 1924 he came to Kansas City to 
become associated with the late Dr. Edward 
Holman Skinner. Since then he has been 
Chief of Radiology at the Research Hos- 
pital and head of the Department of 
Radiology of Research Clinic, a venture 
largely accredited to him. He served as 
Chief of the Residency Training Program 
of Research, the Kansas City General 
Hospitals, Children’s Mercy, and the 
Veterans Administration Hospitals of Kan- 
sas City and Wadsworth. He was also 
Chief Consultant in Radiology for the 
Veterans Administration in Missouri, Kan- 
sas, Oklahoma, and Arkansas. These were 
his principal positions, but in addition he 
himself and his teams of younger radiolo- 
gists made regular circuits of some towns 
around Kansas City, bringing better radiol- 
ogy to the smaller communities. 

Locally he has served as President of the 
Kansas City Southwest Clinical Society, 
Jackson County Medical Society, and ‘has 
been head of the Research Hospital and 
Research Clinic Staffs. Nationally he was 
a member of the Radiological Society of 
North America, American Roentgen Ray 
Society, and was an Honorary Member of 
the American Radium Society. He served 
as President of the Radiological Society of 
North America and Chairman of the Board 
of Chancellors and President of the Amer- 
ican College of Radiology. The latter 
position he held at the time of his death. 

Both the American College of Radiology 
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and the Radiological Society of North 
America awarded him gold medals for his 
contributions to radiology. His interest, 
however, was not limited to radiology. He 
was always in the forefront in civic activi- 
ties and was especially active in the forma- 
tion of the Blue Cross-Blue Shield plans, 
both locally and nationally since their 
inception. He was one of our most active 
exponents of the idea that the Medical 
Profession itself should put good medicine 


within the reach of everyone by these plans. 


How well he and the many others who 
helped start these plans succeeded is 
attested by the present scope of the plans 
themselves. 

Dr. Lockwood’s 81 published articles and 
many exhibits brought him several awards, 
including a Certificate of Merit from the 
Radiological Society of North America for 
a scientific exhibit on Breast Radiography. 
He was always interested in education and 
many a young man owes his start in radiol- 
ogy to him. He was always seeking to 
improve the standards of medical practice 
and radiology especially, becoming a Dip- 
lomate of the American Board of Radiology 
in 1934 and serving since the inception of 
this Board as Trustee and later as President 
and Chairman of the Executive Committee. 
No one was more active in examining and 
helping the young radiologists who sought 
admission to the Board than he. 

Sunday, July 28, 1957 he died peacefully 
in his sleep, surviving his charming wife 
Jessie about two years. His was a life 
endowed with ample energy and the will 
and the spirit to contribute greatly in the 
service of mankind. He will be missed from 
our councils and by his host of friends. 

C. Epcar Virpen, M.D. 
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THE SCIENTIFIC EXHIBITS 


The Scientific Exhibits of the Fifty- 
eighth Annual Meeting of the American 
Roentgen Ray Society, held at the Shore- 
ham Hotel, Washington, D. C., October 
I-4, 1957 were the largest and the most 
outstanding in the Society’s history. Presi- 
dent-Elect Wendell G. Scott and the 
Scientific Exhibits Committee, under the 
able Chairmanship of Dr. John F. Holt, 
have spent considerable time in preparing 
the necessary arrangements and _ their 
efforts have been amply rewarded by the 
great success of the exhibits, which also 
contributed so markedly to the success of 
this year’s Annual Meeting. The exhibits 
were splendidly displayed encompassing 
the latest developments in technical, physi- 
cal and clinical achievements in all branches 
of the science of radiology. The West Ball 
Room, in which they were shown, was just 
off the main foyer leading to the audito- 
rium where the Scientific Sessions of the 
Society were held and also in close proxim- 
ity to the Commercial Exhibits. That the 
Awards Committee must have had the 
greatest difficulty in making the proper 
selections is attested to by the fact that 
this year, in addition to the Silver and 
Bronze Medals, ten Certificates of Merit 
were awarded. 

The following is the list of the awards. 

I. SirverR MepDAL. 4 Solid-State Ampli- 
fying Fluoroscope Screen. B. Kazan, M.A., 
H. B. DeVore, Ph.D., and J. Berkeyheiser, 
M.D., Princeton, New Jersey. In this 
exhibit the construction and design of a 
solid-state amplifying fluoroscope screen 
was shown and its operation demonstrated. 

The panel employs two thin layers, one 
a CdS photoconductor and the other a Zn 
(S:Se) electroluminescent phosphor, with 
each layer in the form of plastic-bonded 
powder. In operation about 500 volt, 400 
cycle a—c power is applied across the layers 
which are electrically in series. When a 
roentgen image excites the conductive 
layer, it allows a corresponding pattern of 
electric currents to flow through the phos- 


phor layer resulting in an intensified visible 
image. 

The amplifying fluoroscope was demon- 
strated side by side with a conventional 
fluoroscope screen in a shielded box. Using 
a common roentgen-ray source, when both 
screens are excited by roentgen images of 
equal intensity, the brightness gain of the 
amplifying fluoroscope and its decay char- 
acteristics are amply demonstrated. 

II. Bronze Mepat. The Radiotoxic Ef- 
fects of S® in Growing Cartilage; Considera- 
tion of Radioactive Sulfur (S*) as a Possible 
Radiotherapeutic Agent in Chondrosarcoma. 
Philip Rubin, M.D., J. Robert Andrews, 
M.D., Richard L. Swarm, M.D., and 
Delbert M. Bergenstal, M.D., National 
Institutes of Health, Bethesda, Maryland. 
A series of experiments were performed on 
weaned rats using radiosulfur to evaluate 
‘the usefulness of this isotope as a possible 
radiotherapeutic agent in chondrosarcoma. 
It has been demonstrated that large doses 
will arrest cartilage growth without pro- 
ducing unfavorable systemic effects. The 
proximity of toxic and therapeutic doses 
necessarily limits its usefulness as a radio- 
therapeutic agent in chondrosarcoma pa- 
tients. 


CERTIFICATES OF MERIT 


1. Pulmonary Microarteriography. A. L. 
Loomis Bell, Jr., M.D., Herbert F. Hempel, 
M.D., Seiichi Shimomura, M.D., and Eric 
Andreae, M.D., St. Luke’s Hospital, De- 
partments of Medicine and Radiology, New 
York, New York. Radiopaque material 
injected through a cardiac catheter wedged 
in a small pulmonary artery outlines the 
pulmonary vascular pattern. 

In this exhibit this pattern was compared 
with the histology and hemodynamics in 
patients with congenital heart disease. 

2. Coronary Arteriography: A New Tech- 
nique. Charles T. Dotter, M.D., and Louis 
H. Frische, M.D., University of Oregon 
Medical School, Portland, Oregon. This 
exhibit demonstrated a new technique for 
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coronary arteriography, which was pre- 
sented in detail. 

3. Chondroma of the Larynx: Roentgeno- 
logic Diagnosis; Presentation of Three Cases 
and Review of Literature. Brit B. Gay, Jr., 
M.D., Donald R. Rooney, M.D., and Ted 
F. Leigh, M.D., Emory University School 
of Medicine, Emory University, Georgia. 
Chondroma of the larynx is an unusual 
tumor that has distinct roentgenographic 
characteristics. Three new cases were pre- 
sented along with a review of the literature. 
Roentgenographic differential diagnosis was 
discussed and case illustrations were given. 

A method of roentgenologic evaluation 
of the larynx employing lateral neck 
roentgenograms and frontal laminagrams, 
fluoroscopy with image amplifier and bar- 
ium contrast studies of the pharynx and 
esophagus was also presented. 

4. Clinical Diagnostic Studies Utilizing 
Radioactive Isotopes. Captain E. R. King, 
MC, USN, M.D., U. S. Naval Hospital, 
Bethesda, Maryland; Ohio State Univer- 
sity, Columbus, Ohio. This exhibit dis- 
played by means of art and photography 
highlights in the research studies and 
clinical use of certain radioactive isotopes, 
including techniques being carried on at 
the United States Naval Medical Center, 
Bethesda, Maryland. 

The exhibit contained 3 units which were 
subtitled as follows: (a) A Comparison of 
Thyroid Function Studies Using Iodine 
131; (b) Erythrokinetic Studies Utilizing 
Radioisotopes; and (c) Brain Tumor Lo- 
calization by Positron Scintiscanning. 

Unit (a) presented an analysis of the 
results of a study of the use of I"* in thyroid 
function tests. The isotope is traced through 
the body in the various tests. The study 
has indicated that a combination of the 
tests is necessary to adequately determine 
thyroid function. 

‘Unit (b) showed graphically how three 
radioisotopes are commonly used in study- 
ing the erythrocyte. Vitamin Bis, tagged 
with Co®, aids in the diagnosis of perni- 
cious anemia and certain gastrointestinal 
malabsorption states. Cr®! is used to de- 
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termine total blood volume and also the 
survival of red blood cells. Fe** assists in 
determining the rate of utilization of iron 
and the rate of production of the erythro- 
cyte. Recent advances in instrumentation 
make possible simultaneous determination 
of Cr! and Fe®*. This allows studies of 
blood volume and red blood cell destruc- 
tion and production to be performed on 
the same blood samples. 

Unit (c) graphically presented a simpli- 
fied radioisotopic method for brain tumor 
localization. The method involves two 
scintillation crystals connected by a coin- 
cidence circuit to an automatic scanning 
and printing device. Radioisotopes releas- 
ing positrons, such as As™ and Cu® “‘lo- 
calize” in brain tumors and are only 
detected in the brain when this area of 
radioisotope localization is between the 
moving . scintillation crystals. Thus, the 
tumor, which takes up more of the radio- 
isotope than does the normal brain, is 
positioned on the printed outline of the 
patient’s head. The scan is performed one 
hour after the intravenous injection of a 
nontoxic As‘ or Cu® salt. The patient is 
conscious and suffers no discomfort. 

5. Capillary Bronchiolitis. Donald A. 
Koch, M.D., Mercy Hospital, Port Huron, 
Michigan. This was a teaching exhibit. 
Multiple serial chest roentgenograms dem- 
onstrating changes occurring in capillary 
bronchiolitis were presented. 

6. Cerebral Angiography in Head Trauma; 
215 Cases. J. L. Léger, M.D., C. Bertrand, 
M.D., and M. R. Dufresne, M.D., Hépital 
Notre-Dame, Montréal, Québec, Canada. 
This exhibit gave a review of technique, 
statistics, and roentgen findings in 215 
cases of head trauma studied by cerebral 
angiography. These 215 cases were out of 
a series of 1,370 cerebral angiographic 
studies done from 1949 to 1956. Fifteen 
cases including subdural, epidural, intra- 
cerebral hematomas and other typical brain 
or vascular abnormalities caused by trau- 
ma were presented in detail and discussed. 

7. Primary Bone Tumors; Pattern of Bone 
Destruction Related to Survival. Gwilym S. 
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Lodwick, M.D., University of Missouri, 
Columbia, Missouri. This exhibit (1) dem- 
onstrated the principal patterns of bone 
destruction in primary bone neoplasms; 
(2) showed how these roentgen patterns 
could be duplicated by experimental carv- 
ing and drilling of normal bone specimens; 
(3) related the pattern of bone destruction, 
and other factors, such as contour and 
width of the margin of the destroyed area 
to five year survival. 

8. Intrathoracic Aneurysms in Children. 
Edward B. Singleton, M.D., Dan G. 
McNamara, M.D., and E. Wiley Biles, 
M.D., Texas Children’s Hospital, Houston, 
Texas. In this exhibit were presented 
various types of intrathoracic aneurysms 
occasionally encountered in the pediatric 
patient together with their roentgenologic 
features and methods of diagnosis. 

9. Clinical Applications of Potassium- 
lodide Intensifying Screens in Contrast 
Media Roentgenography. Michel Ter-Pogos- 
sian, Ph.D., and Torgny V. B. Greitz, 
M.D., The Edward Mallinckrodt Institute 
of Radiology, St. Louis, Missouri. This ex- 
hibit illustrated some clinical applications 
of a new type of roentgenographic intensi- 
fying screen. This screen uses thallium 
activated potassium iodide (KI[TI]) as 
phosphor. KI(TI) screens are approxi- 
mately four times faster and exhibit a 
lower sensitivity to low energy roentgen 
rays than conventional ones. This increase 
in speed is of value in roentgenography 
because it allows satisfactory examinations 
with a considerably lower dose of radiation 
delivered to the patient. It also allows 
short exposures with low capacity roent- 
genographic equipment. 

Potassium iodide screens are particularly 
useful in contrast media roentgenography 
because their high speed allows a consider- 
able reduction of the roentgen-ray energy 
conventionally used, which results in an 
appreciable enhancement of the opacity of 
the contrast material. It was shown that 
the use of these screens in cerebral angiog- 
raphy permits satisfactory examinations 
with approximately one-half the amount of 
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contrast material conventionally used. 

10. Calculation of Roentgen-Ray Dose 
Distribution by Using Digital Computer. 
K. C. Tsien, M.A., and Robert Robbins, 
M.D., Temple University Medical Center, 
Philadelphia, Pennsylvania. The basic prin- 
ciples and the method of calculation in- 
volved in using a digital computer were 
illustrated. The dose distribution of a 
single roentgen-ray field was presented in 
tabular form as directly printed from the 
computing-tabulating system. By plotting 
the data from these, it was shown how 
isodose curves can be obtained. 

The calculated data and published in- 
formation were compared in a series of 
graphs. Comprehensive dose information 
for roentgen-ray fields of half-value layer 
1.7mm. Cu and 2.8 mm. Cu used at Temple 
University Hospital was presented both in 
tabular form and in the form of isodose 
curves. 

‘ Other Excellent Exhibits Were the Fol- 
lowing: 

Blood Volume Determinations; Dilution 
Meter Computer. Salomon N. Albert, M.D., 
and William A. Spencer, M.D., District of 
Columbia General Hospital, Washington, 
D. C. A plastic coil has been devised which 
greatly simplifies counting radioactive ma- 
terial in a liquid phase. A dilution computer 
which automatically computes dilution 
ratios has been constructed. This computer 
permits direct dilution reading of any iso- 
tope with any technique. A computer of 
this nature greatly facilitates and simplifies 
blood volume determination techniques, 
and makes this procedure accessible and 
practical for small institutions. 

A cardiac output ratio (a figurative ex- 
pression of the cardiac output), is obtained 
by injecting radioactive material into a 
patient, and is compared with activity 
eliminated into the arterial circulation by 
the heart over 2 units of time interval. This 
comparison gives an indication of the 
cardiac status. The result is a simple ratio 
obtained immediately, and could be re- 
peated several times with each determina- 
tion for blood volume. 
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The Absorbed Dose in Radiation Therapy: 
Its Measurement in Phantoms by Chemical 
Dosimetry and Its Importance in Clinical 
Radiation Therapy. J. Robert Andrews, 
M.D., D.Sc. (Med.), Herman Suit, M.D., 
and Robert W. Swain, B.S., National 
Cancer Institute, Bethesda, Maryland. The 
introduction of the rad as the unit of 
absorbed dose in clinical radiation therapy 
necessitates its experimental determina- 
tion in phantoms of tissue equivalent 
material. 

This has been achieved by the develop- 
ment of phantoms reproducing human 
anatomic parts, by the adaptation of 
chemical dosimetry to clinical applications 
and, further, by the experimental determi- 
nation and analytic study of the spatial 
distribution of absorbed energy in these 
phantoms. The exhibit illustrated these 
several aspects of the determination of 
absorbed dose and the implications of the 
concept of absorbed dose in clinical radia- 
tion therapy. 

Current Status of Intravenous Chole- 
cystography and Cholangiography. J. Ed- 
ward Berk, M.D., and Howard H. Feigel- 
son, M.D., Sinai Hospital of Detroit, 
Wayne State University College of Medi- 
cine, Detroit, Michigan. The development 
of contrast media that may be safely ad- 
ministered intravenously with resultant 
rapid opacification of the gallbladder and 
extrahepatic bile ducts has opened a new 
field in diagnostic roentgenology. As is true 
of most new diagnostic procedures, that of 
intravenous cholecystography and cholan- 
giography has been and will probably con- 
tinue to be modified and refined. This 
exhibit summarized and illustrated the 
contrast media, the various techniques and 
the uses and limitations of intravenous 
cholecystography and cholangiography. 

Angioaortography in the Diagnosis of Dis- 
secting Aneurysms. Curtis H. Burge, M.D., 
Robert S. MacIntyre, M.D., and Frank M. 
Windrow, M.D., Methodist Hospital, 
Houston, Texas. Angioaortograms of pa- 
tients with dissecting aneurysms, together 
with color photographs of the specimens, 


DeceMBER, 1957 


when available, were exhibited. There was 
a brief clinical note regarding each patient 
and a summary of the technique of angio- 
aortography. 

Hereditary Degenerative Osteoarthritis. 
William R. Christensen, M.D., and John 
Berghout, M.D., College of Medicine, 
University of Utah, Salt Lake City, Utah. 
This exhibit comprised a group of five 
cases. They represented three generations 
of a single family tree. With one exception 
the cases showed advanced degenerative 
osteoarthritic changes involving essentially 
all joint surfaces. The single exception was 
a younger individual who demonstrated 
early minimal deterioration of the hip joints 
occurring between the ages of fifteen and 
eighteen years. The history of the older 
cases duplicated this sequence of develop- 
ing bone disease. Traumatic and occupa- 
tional factors appeared to be of no impor- 
tance. Serial roentgenograms of the 
youngest patient indicated deterioration of 
articular cartilage and degeneration and 
overgrowth of underlying bone as the basic 
pathology. Onset apparently was at 
puberty. 

Radiation Therapy in Solitary Benign 
Cystic Bone Tumors of Children. James C. 
Cook, M.D., Kenneth L. Krabbenhoft, 
M.D., and Robert A. Songe, M.D., Harper 
Hospital, Detroit, Michigan. This exhibit 
presented cases of roentgenologically sim- 
ilar solitary cystic appearing benign bone 
lesions of children treated primarily by 
roentgen therapy. It included pre- and 
post-therapy film studies with follow-up 
examinations of from six to thirty years. 

The conclusion was reached that con- 
servative management by the administra- 
tion of protracted small doses of roentgen 
therapy can produce excellent results. 
Extreme care in outlining treatment fields 
is necessary to avoid exposure of adjacent 
epiphyseal lines. No resulting bone damage 
was produced in the cases presented. 

Roentgenograms and case histories of 
children with similar lesions treated by 
other methods were also shown for com- 
parison as were representative cases of 


ab. 
if 
oe 
j 


Vo. 78, No. 6 


giant cell tumors of bone in young adults 
managed by radiation therapy. All cases 
have had long term follow-up studies. 

Transhepatic Cholangiography. Gerald D. 
Dodd, A.B., M.D., and Melvin Samuels, 
A.B., M.D., M. D. Anderson Hospital and 
Tumor Institute, Houston, Texas. It is 
occasionally difficult to distinguish between 
hepatocellular and obstructive jaundice by 
laboratory methods. Present cholangio- 
graphic media are of no value in the pres- 
ence of clinical icterus. Percutaneous trans- 
hepatic needle puncture and opacification 
of the biliary radicles offer a method of 
differentiating the types of jaundice and 
establishing the location and nature of a 
mechanical block. The procedure is not 
technically difficult and entails no more 
risk to the patient than conventional needle 
biopsy of the liver. 

Examples of the various types of ob- 
struction were displayed and technique, 
indications, contraindications and com- 
plications of the method detailed. 

Contrast Enhancement and Color Transla- 
tion of X-ray Films with Television Tech- 
niques. J. F. Fisher, B.S., and J. Gershon- 
Cohen, M.D., Department of Radiology, 
Albert Einstein Medical Center (Northern 
Division), Philadelphia, Pennsylvania. A 
technique was illustrated by which the 
contrast may be enhanced on roentgeno- 
graphic films and translated into color, 
using television methods. Films were shown 
to demonstrate the advantages of this 
procedure as well as to point out the 
difficulties and limitations of the method. 

Simultaneous Multisection Laminagraphy 
in Practice. Kamillo Flachs, M.D., and 
Philip D. Masters, R.T., Veterans Ad- 
ministration Hospital and University of 
Buffalo Medical School, Buffalo, New 
York. The exhibit presented the practical 
applications of simultaneous multisection 
laminagraphy. 

Roentgenography of the Breast. J. Gershon- 
Cohen, M.D., Victor Kremens, M.D., 
Simon M. Berger, M.D., and Helen 
Ingleby, M.D., Albert Einstein Medical 
Center (Northern Division), Philadelphia, 
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Pennsylvania. Experience with approxi- 
mately 4,500 roentgenographic breast stud- 
ies over a period of eight years has proved 
the merit of this type of examination. The 
method is particularly useful in evaluation 
of the “lumpy” breast, in detection of 
occult lesions and as an aid in differentia- 
tion between benign and malignant disease 
prior to surgical intervention. Pathologic 
correlation has been entirely in keeping 
with results obtained in other areas of 
roentgen diagnosis. 

The exhibit included roentgenograms of 
the normal breast, benign breast conditions, 
and malignant disease. Diagnostic criteria 
for differentiation between benign and 
malignant disease were stressed. 

Nitrous Oxide Insufflation for Soft Tissue 
Diagnosis. David M. Gould, M.D., and 
James W. Buice, M.D., University of 
Arkansas School of Medicine, Little Rock, 
Arkansas. Insufflation of the soft tissues 
with rapidly absorbing nitrous oxide pro- 
vides an ideal contrast medium. Many of 
the potentialities of this procedure were 
demonstrated. 

Normal Roentgen Anatomy of the Thorax. 
Floyd E. Hawes, M.D., The Faulkner 
Hospital, Jamaica Plain, Boston, Massa- 
chusetts. Four models for teaching roentgen 
anatomy accurately and rapidly to medical 
students, residents, and graduate physi- 
cians have been originated by the author. 
Each model can be constructed by the 
student in one session of sixty to ninety 
minutes from inexpensive and readily 
available materials. Roentgenographic films 
were also exhibited as they are used during 
the teaching sessions before each model is 
constructed. The models are: (1) A pair of 
styrofoam seven-inch “lungs” cut into 20 
segments and re-assembled; (2) complete 
bronchial tree constructed from translucent 
tubing and correct as to length and diam- 
eter; (3) mediastinal structures to scale 
and enclosed in a translucent eight-inch 
box; and (4) plaster of Paris heart and 
great vessels with coronaries outlined by 
the student. 

Roentgen Manifestations of Acute Leu- 
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kemia. Theodore F. Hilbish, M.D., Byron 
E. Besse, Jr., M.D., Lee B. Lusted, M.D., 
and Louis B. Thomas, M.D., Department 
of Health, Education and Welfare, Public 
Health Service, National Institutes of 
Health Clinical Center, Bethesda, Mary- 
land. This exhibit demonstrated the roent- 
genologic changes resu'ting from acute 
leukemia. Emphasis was placed upon the 
gross, microscopic and pathologic findings 
in bone as related to the roentgen mani- 
festations. 

Gliomas of the Optic Nerve. C. B. Holman, 
M.D., H. W. Dodge, Jr., M.D., J. G. Love, 
M.D., M. B. Dockerty, M.D., A. B. Hayles, 
M.D., T. P. Kearns, M.D., and W. McK. 
Craig, M.D., Mayo Clinic, Rochester, 
Minnesota. Gliomas of the optic nerve are 
slow-growing neoplasms that may arise in 
the optic nerve, optic chiasm or optic 
tract. 

Symptoms produced by gliomas of the 
optic nerve are caused by destruction of 
the visual pathways or by pressure of the 
enlarging tumor on surrounding structures 
in the orbit or cranial cavity. 

Early recognition of these tumors is of 
great importance because localized lesions 
in favorable sites are notably curable by 
surgical excision. 

This exhibit dealt with clinical symp- 
toms, ocular manifestations, roentgenologic 
signs, pathologic features and _ surgical 
treatment. 

Dosage Distributions for Various Loadings 
of the Ernst Radium Applicator. Jack S. 
Krohmer, M.A., School of Medicine, West- 
ern Reserve University, Cleveland, Ohio. 
A series of charts for commonly used load- 
ings of the Ernst applicator giving dose to 
Point A, Point B, and cervix was displayed. 
Also a complete chart for simple calcula- 
tion of dosage distribution for any loading 
of the applicator was exhibited. 

Hobby Horse Cassette Holder. Colonel 
Elmer A. Lodmell, MC, M.D., and M/Sgt. 
Russell P. Rankin, Walter Reed Army 
Hospital, Washington, D. C. This exhibit 
presented the Hobby Horse Cassette 
Holder and demonstrated its use. 
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The Roentgen Findings in Lymphosar- 
coma of the Small Intestine. Richard H. 
Marshak, M.D., Bernard S. Wolf, M.D., 
and Joan Eliasoph, M.D., The Mount 
Sinai Hospital, New York, New York. 
With increasing experience with small in- 
testinal lymphosarcoma as well as the 
recognition of the abnormal patterns pro- 
duced by other small intestinal ailments, 
it has become apparent that primary 
lymphosarcoma of the small bowel often 
presents an appearance which is highly 
suggestive of the underlying pathologic 
alterations. The differences in the roentgen 
changes produced are primarily a function 
of the direction of growth and multiplicity 
of lesions. A classification of these roentgen 
changes was given and illustrated. They 
include: (1) Predominant invasion of the 
mesentery; (a) large extraluminal masses, 
(b) production of the sprue pattern. (2) 
Polypoid form (intussusception). (3) In- 
filtrating form. (4) Multiple small nodular 
defects. (5) Endo-exo-enteric form with 
extensive excavation, perforation and fis- 
tula formation. 

Low Intensity Radium Needle Therapy. 
Charles L. Martin, M.D., and James A. 
Martin, M.D., Martin X-Ray & Radium 
Clinic, Dallas, Texas. Dosage calculations, 
techniques and statistics were illustrated 
with charts, diagrams and tables and 
clinical results were depicted in large dye 
transfer prints in color. 

Segmental Motor Paralysis; Mechanical 
Intestinal Obstruction Without Physical 
Block. Thomas F. Meaney, M.D., and C. 
Robert Hughes, M.D., Cleveland Clinic 
Foundation, Cleveland, Ohio. Surgical 
exploration of the abdomen sometimes fails 
to confirm the presence of a mechanical 
intestinal obstruction when typical clinical 
and roentgenologic manifestations are pres- 
ent. A concept was set forth which may 
explain this lack of correlation in some 
patients. The explanation was based on the 
fact that lack of effective peristalsis in a 
segment of intestine may result in intestinal 
obstruction. The obstruction is of the 
mechanical type despite the fact that no 
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physical agent occludes the lumen of the 
intestine. 

Illustrative cases were presented. 

Roentgenographic Chest Findings follow- 
ing Chest Surgery. Myron Melamed, M.D., 
Hiram T. Langston, M.D., and Anton M. 
Pantone, M.D., University of Illinois Col- 
lege of Medicine and Chicago State Tuber- 
culosis Sanitarium, Chicago, Illinois. The 
material presented depicted the normal and 
abnormal roentgenographic findings in- 
volving the chest, following chest surgical 
procedures. Cases studied were patients 
subjected to chest surgery because of 
pulmonary tuberculosis or associated dis- 
eases. They comprised approximately 350 
in number. 

Illustrative cases have been carefully 
selected to demonstrate various postopera- 
tive changes. 

Improved Technique of Peripheral Ar- 
teriography. J. E. Miller, M.D., A. D. 
Sears, M.D., and R. E. Collier, M.D., 
Baylor Hospital, Dallas, Texas. An im- 
proved technique was presented for use 
before vascular surgery. It permits visual- 
ization of the lower portion of the aorta, its 
bifurcation and the peripheral branches as 
far as the lower margin of the popliteal 
space. Principal factor allowing such ex- 
cellent visualization throughout widely 
varying soft tissue parts results from use 
of a large Bucky diaphragm which is com- 
pletely portable and a wedge filter. 

Roll Film Device for the Index for Roent- 
gen Diagnosis. Theodore J. Pfeffer, M.D., 
St. Francis Hospital, Milwaukee, Wis- 
consin. A motor-driven roll film device for 
quick reference to the Index for Roentgen 
Diagnosis was presented. The Index was 
copied and reprinted on roll film eleven 
inches in width. Each page of the Index 
appears under the viewing aperture as 
desired by rolling the film forward or back- 
ward. The viewing aperture is 8 X 10 inches 
in dimension. The film is viewed by direct 
light. The electric motors operate on 
standard 110-115 a.c. current. The pres- 
ently designed unit is housed in a metal 
shell, the dimensions being: width 15 
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inches, length 15 inches and height 10 
inches. 

Fractures of the Calcaneus. Arnold D. 
Piatt, M.D., Gerald A. Erhard, M.D., and 
William V. Banning, M.D., Newark, Ohio. 
Fractures of the calcaneus are the most 
common fractures of the tarsal bones and 
the over-all poor results are to some degree 
influenced by the roentgenographic inter- 
pretations and examinations. The technique 
of the examination as well as a simple 
classification and the various types of frac- 
tures were shown. The so-called “recoil” 
type of effect was demonstrated. 

Transverse Laminagraphy—a Third Di- 
mension in Roentgenography; Applications 
in Diagnosis and Therapy. Bernard Roswit, 
M.D., Sol M. Unger, M.D., Stanley J. 
Malsky, M.A., M.Sc., and Cyprian B. Reid, 
B.Sc., Veterans Administration Hospital, 
New York (Bronx), New York. Transverse 
laminagraphy provides a third dimension 
in roentgenologic diagnosis and therapy. 
Living cross-sections of the body yield 
valuable anatomic and pathologic data not 
accessible by any other procedure. 

This exhibit presented the authors’ ex- 
perience of the past three years with this 
technique in a large variety of roentgen 
diagnostic problems. Particularly in the 
head, neck and thorax has transverse 
laminagraphy been helpful In radiation 
therapy these living cross-sections have 
been especially valuable for tumor localiza- 
tion and treatment planning. 

Knee Trauma Demonstrable in Pneumo- 
arthrography. Maurice D. Sachs, M.D., and 
Wilbert H. McGaw, M.D., Veterans Ad- 
ministration Hospital, and Western 
Reserve Medical School, Cleveland, Ohio. 
Pneumoarthrograms of the knee joint were 
shown depicting primarily trauma, that is, 
various types of tears of the medial and 
lateral menisci, quadriceps adhesions, rup- 
ture of the patellar tendon, etc. A normal 
pneumoarthrogram, with all of the soft 
tissue structures, was included as a guide. 

Vascular Groove Simulating Skull Frac- 
ture. Forrest V. Schmacher, M.D., and 
Gregory T. Henesy, M.D., Radiological 
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Clinics of Drs. Groover, Christie and 
Merritt, Washington, D. C. An inconstant 
vascular groove in the squamous portion of 
the petrous bone should be recognized as a 
normal variant rather than a fracture. 
Study of skull specimens revealed this 
vessel to be a nutrient artery arising as a 
branch of the middle meningeal artery. 
The roentgenographic appearance of the 
nutrient vessel and its differentiation from 
a fracture was shown in detail. The inci- 
dence of this variant in 996 skull examina- 
tions was given. 

Nonmalignant Vertebral Sclerosis Simu- 
lating Neoplasm. Gerhart S. Schwarz, 
M.D., and Wolfgang Ackermann, M.D., 
Presbyterian Hospital, New York, New 
York, and Francis Delafield Hospital, New 
York, New York. Vertebral body biopsies 
were performed on 339 cancer patients and 
one cancer suspect at the Delafield Hospital 
by one of the authors (W. A.) in search for 
metastases. In 28 cases sclerosis was shown 
histologically yet in 13 the absence of 
cancer cells was demonstrated microscop- 
ically at the same time in the affected 
vertebra. In 5 of the 13 cancer-free persons 
vertebral sclerosis was revealed on roent- 
genograms, also leading to the erroneous 
roentgen diagnosis of metastasis. In 1 of 
the 5 cases the benign nature of the verte- 
bral sclerosis was reaffirmed later by an 
autopsy. 

Five additional cases of vertebral sclero- 
sis were detected roentgenographically at 
the Presbyterian Hospital in young to mid- 
dle aged adults who sought medical advice 
for backaches. At first a metastasis was 
suspected, but finally a disk prolapse was 
diagnosed clinically at the interspace ad- 
jacent to the area of sclerosis. Documenta- 
tion of the disk lesion varied in this group 
but in one instance disk prolapse was con- 
firmed by myelography, laminectomy and 
cessation of complaints after removal of the 
prolapsed portion of the disk, whereas the 
benign nature of the sclerosis was suggested 
by a continued benign course and a (not 
very adequate) curettement of the sclerotic 
vertebra through its circumferential cortex. 
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Roentgenograms, photomicrographs and 
histories of malignant and nonmalignant 
vertebral sclerosis were displayed and the 
trephine instrument designed and used by 
one of the authors (W. A.) for vertebral 
biopsy was shown. 

The conclusion was reached that non- 
neoplastic circumscribed vertebral sclerosis 
can appear in cancer patients and those 
who are free of malignancy alike. In a small 
number of cases disk disease may have been 
the cause, the association of localized 
vertebral sclerosis with disk disease first 
having been demonstrated by Schmorl. 

The LogEgram. Elmer G. St. John, M.D., 
and Dwin Craig, B.S., Binghamton City 
Hospital, Binghamton, New York. The 
LogEgram is an automatically dodged 
roentgenogram by electronic methods. By 
this procedure it is possible to enhance 
otherwise invisible or poorly visualized 
roentgenographic images. 

The procedure was illustrated in detail. 

Roentgenographic-Pathologic Correlation 
of Gallbladder Tumors. John H. Walker, 
M.D., and Hugh W. Jones, M.D., Mason 
Clinic, Seattle, Washington. Small intra- 
luminal tumors of the gallbladder are varia- 
ble in clinical import and histologic diag- 
nosis. This exhibit gave a workable histo- 
pathologic classification and illustrated the 
roentgen criteria that offer assistance in 
differentiating the significant from the un- 
important lesion. Examples of each lesion 
were illustrated by roentgenograms, color 
photographs of gross specimens and photo- 
micrographs. 

Photoscanning, I*§ Uptake and Sample 
Counting with a Single Unit. Walton D. 
West, M.S., Vincent P. Collins, M.D., and 
C. T. Teng, M.D., Baylor University Col- 
lege of Medicine and Jefferson Davis Hos- 
pital, Houston, Texas. When a radioisotope 
is administered, it is desirable to know the 
site of localization and the amount de- 
posited. Additional information is gained 
from a pictorial record which shows the size 
and shape of the area of radioactivity. This 
is commonly obtained by scanning the re- 
gion with a closely collimated detector and 
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producing an image by an ink recording 
system on paper. 

The instrument shown in this exhibit 
uses a light beam to record the image of the 
radioactive area within the patient on 
roentgenographic film which is simultane- 
ously exposed for a conventional roentgeno- 
gram of the region. The unit can be ex- 
panded to do I*! uptake and sample count- 
ing by adding scaling strips and timer. 

Reduction of Radiation Hazard in Ob- 
stetric Roentgenography. Walter M. White- 
house, M.D., Charles S. Simons, Ph.D., 
and Tommy Evans, M.D., University 
Hospital, Ann Arbor, Michigan. There is 
increasing concern in both scientific and 
lay circles about dangers of exposure to 
radiation. A portion of this concern deals 
with medical roentgenographic use, and 
this has been of particular concern when 
both mother and fetus are examined. While 
acknowledging that the ultimate genetic 
effect of diagnostic radiation cannot be de- 
termined in the near future, we must be in 
a position to assure our consultants and 
patients that every effort is being made to 
reduce the radiation to which the mother 
and fetus are exposed. 

Five approaches to the reduction of radi- 
ation were presented and illustrative cases 
were shown. These were: (1) Roentgenog- 
raphy only for significant clinical indica- 
tion; (2) simplification and standardization 
of obstetric roentgenography; (3) adequate 
aluminum filtration with supplementary 
wedge filter; (4) use of newly available fast 
film; and (5) use of fast screens, with 
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planned use of faster screens as they be- 
come available. 

Axial Transverse Laminagraphy of the 
Chest. Stefan P. Wilk, M.D., University of 
California, Los Angeles, California. This 
exhibit included: presentation in form of 
diagrams of the general principles of axial 
transverse laminagraphy and its poten- 
tialities; illustration by diagrams and ex- 
amples of practical aspects; and finally a 
presentation of a few cases of axial trans- 
verse laminagrams of the chest. 

Motor Phenomena in the Distal Esopha- 
gus; Diagnosis of Minimal Hiatal Hernia- 
tion. Bernard S. Wolf, M.D., Richard H. 
Marshak, M.D., Max L. Som, M.D., and 
Sigmund A. Brahms, M.D., The Mount 
Sinai Hospital, New York, New York. This 
exhibit presented, in a motion picture, the 
intrinsic functional phenomena in the dis- 
tal esophagus and esophagogastric region. 
Roentgen evidence for the existence of the 
inferior esophageal sphincter and the vesti- 
bule of Lerche was demonstrated in patients 
with small hiatus hernias. 

Since a portion of the vestibule normally 
lies within the diaphragm and abdomen, it 
is not possible to visualize the vestibule 
completely without some degree of hiatal 
herniation. By the same token, visualiza- 
tion of the complete vestibule above the 
diaphragm is indicative of minimal hiatal 
herniation. 

The suggestion was made that the terms 
vestibule and phrenic ampulla are not to be 
used synonymously since they apply to dif- 
ferent phenomena. 
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THE COMMERCIAL EXHIBITS 


To have viewed the Commercial Ex- 
hibits of the Fifty-eighth Annual Meeting 
of the American Roentgen Ray Society, 
held at the Shoreham Hotel, Washington, 
D. C., October 1-4, 1957 was a striking ex- 
perience. The excellent facilities at the 
Hotel, the spaciousness of the room and, 
most of all, the beautiful and artistic dis- 
plays of the individual exhibits were con- 
tributing factors to the over-all success of 
the Meeting. The many new aids to radiolo- 
gists which the exhibitors presented brought 
forth enthusiastic interest from those at- 
tending the exhibits. A great deal of time- 
consuming work on the part of Mr. Clifford 
L. Sherratt, Honorary Member, and Dr. 
James C. Cook, Manager of the Annual 
Meeting, was evident; however, judging by 
the attention that the Commercial Exhibits 
attracted, these efforts were most worth- 
while. The Society extends to all exhibiting 
firms its profound thanks and appreciation. 

The following is a list of the firms which 
participated in the Commercial Exhibits: 

Abbott Laboratories, North Chicago, 
Illinois; Ansco, Binghamton, New York; 
Atomic Energy of Canada Limited, Ot- 
tawa, Ontario, Canada; Automatic Serio- 
graph Corporation, College Park, Mary- 
land; Barnes-Hind Barium Products Com- 
pany, Sunnyvale, California; Bar-Ray 
Products, Inc., Brooklyn, New York; Bell- 
Craig, Inc., New York, New York; Blair 
X-Ray Inc., Los Angeles, California; Carr 
Corporation, Culver City, California; Dick 
X-Ray Company, St. Louis, Missouri; 
Dunlee Corporation, Chicago, Illinois; E. I. 
du Pont de Nemours & Company, Wilming- 
ton, Delaware; Eastman Kodak Company, 
Rochester, New York; Eureka X-Ray Tube 
Corporation, Chicago, Illinois; Fairchild 
Camera and Instrument Corporation, 
Jamaica, New York; E. Fougera & Com- 
pany, Inc., Hicksville, L. I., New York; 
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F-R Machine Works, Inc., Woodside, New 
York; Franklin X-Ray Corporation, Phila- 
delphia, Pennsylvania; General Electric 
Company, Milwaukee, Wisconsin; Gray 
Pharmaceutical Company Inc., Newton, 
Massachusetts; Grune & Stratton, Inc., 
New York, New York; Halsey X-Ray 
Products, Inc., Brooklyn, New York; 
Ilford Inc., New York, New York; Keleket 
X-Ray Corporation, Walton, Massachu- 
setts; Leishman X-Ray Engineering Com- 
pany, Los Angeles, California; Liberty Pro- 
tective Leathers Inc., Gloversville, New 
York; Liebel-Flarsheim Company, Cincin- 
nati, Ohio; LogEtronics Inc., Alexandria, 
Virginia; Low X-Ray Film Corporation, 
New York, New York; Machlett Labora- 
tories, Inc., Springdale, Connecticut; Mal- 
linckrodt Chemical Works, St. Louis, Mis- 
souri; Mattern X-Ray Division, Land-Air 
Inc., Chicago, Illinois; Donald McElroy, 
Inc., Chicago, Illinois; Medical Case His- 
tory Bureau, New York, New York; Micro 
X-Ray Recorder, Inc., Chicago, Illinois; 
Mid-West Glove Company, Inc., Chicago, 
Illinois; C. V. Mosby Company, St. Louis, 
Missouri; North American Philips Com- 
pany, Inc., New York, New York; Pako 
Corporation, Minneapolis, Minnesota; 
Physicians’ Technical Equipment Com- 
pany, Milwaukee, Wisconsin; Picker X-Ray 
Corporation, White Plains, New York; 
Schick X-Ray Company, Inc., Chicago, 
Illinois; Frank Scholz X-Ray Corporation, 
Boston, Massachusetts; Siemens New York 
Incorporated, New York, New York; 
Standard X-Ray Company, Chicago, Illi- 
nois; Charles C Thomas, Publisher, Spring- 
field, Illinois; United States Radium Cor- 
poration, Morristown, New Jersey; Vic- 
toreen Instrument Company, Cleveland, 
Ohio; Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania; Winthrop Labo- 
ratories, New York, New York. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for 
the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


MEDIZzINISCHE RONTGENTECHNIK. I, MEDIzIN- 
ISCHER TEIL. SKELETTAUFNAHMEN UND OR- 
GANUNTERSUCHUNGEN. By Prof. Dr. Herbert 
Schoen, Karlsruhe. Dr. Detlev Schoen, Mar- 
burg/Lahn. Price, DM 29.70. Pp. 347, with 
534 illustrations. Georg Thieme, Herdweg 
63, Stuttgart, Germany, 1956. (For sale in 
the United States and Canada by the Inter- 
continental Medical Book Corporation, New 


York 16, New York.) 


This is a beautifully and adequately illus- 
trated textbook on the technique of roentgenog- 
raphy. The author has combined illustration of 
specimens of human skeletal parts with the 
photographs of the various positions, together 
with the resulting roentgenograms. 

In this second and enlarged edition, the 
authors have added chapters on soft-tissue diag- 
nosis and the various later developments of the 
diagnostic uses of contrast materials, as well as 
body section roentgenography in the study of 
the blood vessels particularly. Vasography and 
pneumoradiography, the latter especially by the 
method of intra- and retroperitoneal gas in- 
suffation, have been described at length. Sev- 
eral new devices have been added to foreign 
body localizations. The technique of enlarge- 
ment of the roentgenograms has also received 
special attention. 

Even without a knowledge of German, any 
intelligent technician would find important help 
in this work. It is full of new ideas. 


James T. Case, M.D. 


I Quapri RapioLocic: DELLE Gastriti. Re- 
lazione al LVII Congresso della Societa 
Italiana di Medicina Interna, Milano—Ot- 
tobre 1956. By Prof. Alessandro Vallebona, 
with the collaboration of Prof. Luigi Oliva. 
Paper. Pp. 83, with 31 illustrations. Ditta 
Luigi Pozzi, Editore, Via Sistina 14, Rome, 
Italy, 1956. 


This book was prepared by the authors to 
present a roentgenologic study of gastritis to 
the 57th meeting of the Italian Society of In- 
ternal Medicine. 

Professor Vallebona has been interested in 
study of the fine detail of the gastric mucosa for 
many years and has pioneered in the use of 


gastric double contrast. The authors describe 
minutely all forms of gastritis and quote the 
extensive literature on this subject as well as 
their own experience in the roentgenologic field. 

The summary and conclusions of this book 
are particularly interesting because the authors 
state that roentgenologic studies are inconclu- 
sive in the diagnosis of gastritis, and that their 
main function is to exclude ulceration and neo- 
plastic disease. Such conclusions are refresh- 
ingly honest and are especially valuable be- 
cause they come from workers who know their 
subject very thoroughly not only from the view- 
point of roentgenology but also from that of 
endoscopy, pathology and surgery. 

Cesare Granturco, M.D. 


Tue Spine; Stup- 
1ESs, DEVELOPMENT AND THE CERVICAL RE- 
cion. By Lee A. Hadley, M.D., Senior At- 
tending Roentgenologist, Syracuse Memorial 
Hospital; Clinical Associate Professor of 
Public Health, New York State College of 
Medicine; Consultant in Radiology, Syracuse 
State Medical School, Syracuse, New York. 
Cloth. Price, $6.50. Pp. 156, with numerous 
illustrations. Charles C Thomas, Publisher, 
301 East Lawrence Avenue, Springfield, 
Illinois, 1956. 


This very interesting monograph, subtitled 
‘““Anatomico-Radiographic Studies, Develop- 
ment and the Cervical Region’, is a remarkable 
correlation of gross and microscopic anatomy 
with roentgenographic findings of the cervical 
spine. It should dispel the general misconcep- 
tion of arthritis by its clear differentiation of 
bone changes resulting from congenital varia- 
tions from those of traumatic origin and those 
resulting from the wear and tear of advancing 
age. 

The author does not attempt to present a 
thorough discussion of fractures and disloca- 
tions, but is concerned with subluxations of the 
cervical spine, together with the resultant an- 
gulation and the protective response of the bone 
tissue which produces eburnation and osteo- 
phyte formation. A short study of the develop- 
ment of the spine is included to furnish an 
understanding of the origin of many abnormal 
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changes which are frequently encountered in 
the roentgenographic examination in the cervi- 
cal region. Some practical suggestions are made 
regarding the roentgenographic technique for 
study of the cervical spine and the various pro- 
jections are well illustrated depicting the spe- 
cific advantage of each view. Of particular in- 
terest are the roentgenograms of patients 
examined at or near the time of injury, and 
whose clinical course was followed by anatomic 
studies or by checkup roentgenograms demon- 
strating the post-traumatic changes many 
years later. 


K. K. Latreser, M.D. 


PosiTionInG IN  RaproGrapHy. By K. C. 
Clark, M.B.E., F.S.R., University of Lon- 
don, British Postgraduate Medical Founda- 
tion. Seventh edition. Cloth. Price, $29.00. 
Pp. 655, with 2,150 illustrations. Intercon- 
tinental Medical Book Corp., 381 Fourth 
Avenue, New York 16, New York, 1957. 


This well known English text which has been 
an outstanding book in every respect was origi- 
nally published in 1939. There have been six 
editions since then, the present volume being a 
revision of the last edition which was published 
in 1951. The numerous advances in radiogra- 
phy are adequately incorporated in this 7th 
edition to bring it into line with modern radio- 
graphic practice. Those who are acquainted 
with this book will recognize it as a valuable 
text on radiographic positioning, with wide 
scope and fine illustrations, making it as com- 
plete as is practical in a single volume. 

The book has been increased by over 100 
pages and 600 new illustrations, bringing the 
total number of illustrations to 2,150. Many of 
the previous illustrations have been revised. 
They are of excellent quality and the repro- 
duced roentgenograms very nearly approach 
the clarity of the originals. White lines have 
been drawn on some of the photographs to in- 
dicate the direction of the central ray. The 
peripheral ray is also illustrated in many in- 
stances. Black spots have been placed on the 
subject and on the radiographs to indicate the 
tube centering point. Line diagrams and ex- 
planatory charts are used in appropriate places. 
The Birmingham revision (1933) of the ana- 
tomic terminology is used, but some of the 
older terms are shown in brackets where com- 
mon use has made them popular. For each 
position shown, complete exposure data are 
given, namely: kilovolts, milliampere seconds, 
focus film distance, intensifying screens em- 
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ployed, localizing cones, type of grid when used, 
and size of film. Exposures in each instance are 
intended for a subject of average size, but may 
be adjusted to the individual patient in any 
similar investigation. Where multiple projec- 
tions or various methods can be used, alternative 
exposures are also indicated, thus providing the 
technician with a choice of numerous variations 
in technique. Special techniques are given for 
children and variations in technique are in- 
cluded to accommodate the acutely ill as well as 
ambulatory patients. This book also deals with 
techniques used in the various specialized 
fields, covering almost all known radiographic 
procedures. Exposure factors have been cor- 
rected for the use of modern high kilovoltage 
equipment. Sections have been added on macro- 
radiography, angiography, cerebral angiog- 
raphy, and the use of contrast media in special 
procedures. Miniature radiography and cine- 
roentgenography are also considered. 

There is a new supplement on radiation 
exposure of the patient and a very complete 
index where subject material has been made 
readily accessible under anatomic, pathologic, 
and physiologic terms. The book does not dis- 
cuss physics or electric equipment although the 
use of various accessories with special tech- 
niques is mentioned. There is adequate 
anatomic description, but there is no attempt 
to interpret the roentgenograms. The main 
purpose is to provide a systematic method of 
procedure and technique, bearing in mind the 
fundamentals of positioning. This purpose is 
admirably accomplished. 


K. K. Larreier, M.D. 


Guipe to Mepicat Writinc; A PrRacticAL 
ManuaL FOR’ Puysicians,  DenristTs, 
Nurses, PHarmacists. By Henry A. David- 
son, M.D., Editor, Journal of the Medical 
Society of New Jersey. Cloth. Price, $5.00. 
Pp. 338. The Ronald Press Company, 15 
East 26th Street, New York 10, New York, 
1957. 

The art of medical writing is much neglected. 
The busy practicing physician has usually for- 
gotten his college course in English composition 
and needs help badly on the many occasions 
when he must express his thoughts in writing. 

The author of this book is an experienced 
writer and editor. His advice in preparing, 
organizing and concluding a medical article is 
practical and the book is readable. Many ex- 
amples are given of common errors which cause 
a quivering of the editor’s blue pencil; better 
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wording is explained in detail. The final chapter, 
listing all the leading journals in medical fields, 
seems superfluous until we consider that the 
book is written for dentists, nurses and pharma- 
cists as well as for physicians. The chapter 
including conversion tables of weights and 
measures and sections about eponyms and pre- 
scriptions contains much practical information. 
There is also an excellent chapter dealing with 
illustrations and graphs. The book has a good 
index. 

This book is a valuable contribution to the 
important, but rather neglected field of medical 
writing. 


Rosert E. Fricke, M.D. 


Recroscopie, SicMoiposcopiz. By P. Hille- 
mand, R. Cattan, A. Lambling, and A. Ben- 
saude. Third edition. Cloth. Price, 7,400 fr. 
Pp. 270, with 127 figures and 39 color plates. 
Masson et Ci*, Editeurs, 120 boulevard Saint- 
Germain, Paris 6°, France, 1956. 


This book, originally published in 1926, has 
been out of print for many years. During the 
past thirty years considerable additional in- 
formation on rectal pathology has become 
available. In this third edition some of the 
original chapters have been completely modi- 
fied—many diseases commonly encountered at 
that time are now seldom seen, due to modern 
therapeutic methods; and our knowledge of the 
rare diseases has also increased greatly. Most of 
this new edition has been devoted to recto- 
sigmoidoscopy. The authors, pupils of the late 
Bensaude, in their revision followed the general 
outline of the first edition but have also added 
important chapters covering the recent ac- 
quisitions in this field. The new therapeutic 
procedures, utilizing endorectoscopy as a 
guide, have been made more precise, especially 
contact radiation therapy. The chapter on 
hemopathies is completely new and has not been 
published elsewhere. 

Forty new aquarelles taken from the collec- 
tion of Bensaude and the recent authors have 
been added to the beautiful iconography of the 
original edition. The number of black and 
white illustrations has been increased—repro- 
ductions of roentgenograms and photographs of 
gross specimens and microscopic sections are 
well correlated with the findings of the endo- 
scopic examination. There are 39 color plates 
depicting normal structures and _ pathologic 
lesions as found by inspection and at endoscopy 
which would constitute a magnificent atlas if 
published separately. This collection is espe- 
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cially helpful for teaching purposes. The legends 
facing each plate are in French, English, 
Spanish, German, Italian and Portuguese. 

The book is a masterful synthesis on the 
subject of primary and secondary diseases of 
the rectosigmoid. It is a valuable text or refer- 
ence book for surgeons and gastroenterologists 
interested in the pathology of the terminal 
colon. It offers a fair appraisal of the possibili- 
ties and limitations of digital, roentgenologic 
and endoscopic methods for proper diagnosis 
with special emphasis on endoscopic examina- 
tions. It contains a concise discussion of the 
pathology and pathogenesis of each disease. It 
stresses the practical and prognostic importance 
of differentiating neoplastic polyps with malig- 
nant potentialities (adenomas, villous polyps 
or papillomas, adenopapillomas) from hyper- 
plastic polyps such as the inflammatory type 
encountered in children and the types found 
in ulcerative and dysenteric colitis. 

A criticism of secondary importance is the 
brief bibliography. 

Henri Paut Levesque, M.D. 


Erupes sur La EN 
TIC. TECHNIQUES D’UN Nouveau CRANIO- 
GRAPHE. NoTATION ANGULAIRE DE L’INCI- 
DENCE. By G. L. Dulac, Ancien chef de 
service 4 la Fondation Curie. Paper. Price, 
1,300 fr. Pp. 134, with 47 illustrations. 
Masson et Ci*, Editeurs, 120 boulevard 
Saint-Germain, Paris 6°, France, 1956. 


This monograph deals with a new type of 
apparatus designed particularly for cranial 
roentgenography. The apparatus permits vari- 
ous forms of angulation, stereoscopy and lam- 
inagraphy and has a flexibility which enables 
one to alter relationships of anatomic parts to 
the film for selective enlargement or studied 
blurring. Actually, the “craniograph” is not 
unlike other especially devised apparatus in- 
tended for all forms of cerebral roentgenogra- 
phy. 

The author seeks to develop roentgen tech- 
niques which stem from carefully selected 
angulation of apparatus with reference to the 
head; indeed, this factor seems oversimplified 
and would lead the experienced individual to 
question some of the claims made for the 
“craniograph.” 


Puitie J. Hopes, M.D. 


TECHNIQUE DU Rapiopiacnostic. By J. Garcia- 
Caldéron and G. Ledoux-Lebard. Second 
1,148, 


edition. Cloth. Price, 7,800 fr. Pp. 
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with 746 illustrations. Masson et Ci*, Edi- 
teurs, 120 boulevard Saint-Germain, Paris 
6°, France, 1956. 


The first edition of this work appeared in 
1943, authored by Professor René Ledoux- 
Lebard and Dr. Garcia Caldéron. At that time, 
it constituted the largest and most complete 
textbook on roentgen technique published in 
any language. Following the death of the first 
author, his son, Guy Ledoux-Lebard, who has 
also achieved distinction, has collaborated with 
Dr. Caldéron in the production of this second 
edition, published late in 1956. 

The immense progress made in medical 
radiologic technique in the course of the inter- 
vening years rendered it necessary to com- 
pletely reset the type of the book. We now have 
before us a magnificant volume of 1,148 pages, 
with 746 figures, illustrating modern new 
procedures as well as the time tested techniques 
which have been in use since the early days. 
Scores of ingenious new positions are described 
for the study of various portions of the skeleton. 
Nearly 500 pages are devoted to a discussion of 
the diagnostic roentgen techniques used for 
examination of the skeleton. Special chapters 
are devoted then to the nervous system, circu- 
lation, respiratory apparatus, digestive tube, 
urinary and genital apparatus, and foreign 
bodies. 

There is an excellent index and an enlarged 
bibliography, containing many valuable source 
references which will prove helpful to those 
interested in the evolution of radiology. 

There are no actual reproductions of roent- 
genograms, but the line drawings leave nothing 
to be desired; they are very satisfactory and 
very instructive. 

Laminagraphy, the direct enlargement of 
roentgenograms, radiophotography, and radio- 
cinemaphotography, as well as electrokymog- 
raphy, have found their place and are ade- 
quately described. A new chapter has been 
added on intestinal obstruction. The new, 
special procedures involving the use of contrast 
materials have also been given very special and 
detailed attention. 

This book is adapted not only to the beginner 
in medical radiology, but the experienced 
physician specializing in this branch of medicine 
will also find it very helpful. 

James T. Case, M.D. 


BorRDERLANDS OF THE NORMAL AND EARLY 
PATHOLOGIC IN SKELETAL ROENTGENOLOGY. 
By Professor Dr. Alban Kohler. Completely 
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revised by Dozent Dr. E. A. Zimmer, Bern/ 
Fribourg. English translation arranged and 
edited by James T. Case, M.D., D.M.R.E. 
(Cambridge), Professor Emeritus of Radiol- 
ogy, Northwestern University Medical 
School, Chicago; Director, Memorial Cancer 
Foundation, Santa Barbara, California. 
Tenth edition. Cloth. Price, $24.50. Pp. 723, 
with 1,282 illustrations. Grune & Stratton, 
Inc., 381 Fourth Avenue, New York 16, 
New York, 1956. 


For many years, Professor Alban Kohler’s 
book has been regarded as one of the classics of 
roentgenologic literature. First published 
Ig10, it rapidly became a standard reference 
text among radiologists throughout the world, 
appearing in no less than eight editions during 
the ensuing thirty-three years. For approxi- 
mately eight years following World War II it 
appeared that one of the truly great books in 
roentgen diagnosis was no longer to be avail- 
able, but Dr. E. A. Zimmer altered this un. 
fortunate situation by means of a thorough 
revision, which appeared as the tenth edition 
in 1953. The English translation of this edition 
by Dr. J. T. Case made its appearance in 1956. 

Zimmer has done a creditable job in his re- 
vision. Not only has Kohler’s original thesis 
been maintained, it has been substantially en- 
hanced by deleting certain material which is 
now regarded as distinctly pathologic, and at 
the same time adding numerous skeletal vari- 
ants which clearly belong in the ‘‘borderlands”’ 
category. 

The text of the book is voluminous and, 
although at times it gives one the impression 
of being largely a detailed bibliography, it is 
reasonably appropriate for a reference book of 
this sort. Incidentally, there are literally thou- 
sands of references in the bibliography, which 
must be one of the most comprehensive refer- 
ence lists available anywhere in a single volume. 

Although roentgenographic reproductions 
printed in the positive form ordinarily are 
anathema to this reviewer, it must be stated 
that, in this instance, they are uniformly ex- 
cellent and, without doubt, constitute the 
volume’s outstanding feature. 

Roentgenologists, orthopedists and all other 
physicians dealing with skeletal roentgenology 
will find this book to be one of the most active 
volumes in their “working” libraries. We owe a 
profound debt of gratitude to Dr. Case for 
making the English translation available. 


Joun F. Hott, M.D. 
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ROENTGEN DIAGNOSIS 


Ricuarps, ALBERT G. Roentgen-ray radiation 
and the dental patient. 7. dm. Dent. A., 
April, 1957, 54, 476-487. (From: School of 
Dentistry, University of Michigan, Ann 
Arbor, Mich.) 


This paper deals with the effects of roentgen rays 
on the skin and genes of the patient, the amount of 
radiation required to produce these effects as com- 
pared with the amount of radiation administered 
to these tissues during oral roentgen examination, 
and the methods of reducing the amount of roentgen 
radiation used for oral diagnostic purposes. 

A dental roengenographic apparatus run at 65 kv. 
and 7.5 inch target skin distance requires a dose of 
165 r in air to produce erythema on a skin area 1} 
inches in diameter with a filter of 1 mm. of aluminum. 
The author recommends that no facial area be ex- 
posed to more than 110 r in any two week period. 
Recovery from skin effect of radiation sets in 
promptly and continues at a rapid rate with about 
half being lost in the first twelve hours. Slightly more 
than 80 per cent recovery is achieved by the end of 
the fourth day. 

A 14-film dental roentgenographic examination at 
65 kv. and 10 ma. with an 8 inch cone, and 0.5 mm. 
Al filter averaged 55 to 77 r to the skin of the face. 

Intraoral roentgenograms utilizing 90-95 kv. can 
be made with reduced exposure of skin, without sig- 
nificant increase in scattered radiation. Reducing the 
volume of irradiated tissue by using smaller cone 
apertures will reduce this scatter as well as the extent 
of skin overlapped by the primary beams. Addition 
of 1.5 mm. of aluminum filtration reduces roentgen 
dosage without seriously affecting the contrast of the 
image. This requires 43 per cent increase in exposure 
time, but yields 57 per cent reduction in roentgen 
dose. 

Increasing the target skin distance from 8 to 16 
inches effects very little reduction in dosage, par- 
ticularly with high kilovoltage. It is less than 1 per 
cent. Faster films allow up to 100 per cent reduction 
of exposure to the patient. Faster timers are indi- 
cated to permit the fractional exposures incident 
to these faster films. 

The genetic effects of radiation on the genes are 
cumulative and irreversible regardless of whether 
the exposure is long or short, of high or low intensity. 
Ninety-nine per cent of these are harmful to the 
species. Geneticists generally agree that 30 to 80 r to 
the human gonads will double the spontaneous 
mutation rate. It is recommended that the average 
exposure to the population’s reproductive cells be 
limited to 10 r from conception to age thirty. About 
one-third of this is currently received from medical 
and dental roentgenographic examinations. If 20 
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periapical examinations of 14 exposures each were 
made of individuals during the first 30 years of life, 
the male gonads would receive about 0.3 r and the 
female gonads 0.05 r. 

The author furnishes tables for rapid conversion 
of the various factors which directly or indirectly 
control the amount of radiation exposure to the 
dental patient. These factors include target film 
distance, diameter of primary beam, filtration, kilo- 
voltage, film speed, developing time, and milli- 
ampere seconds.—Yohn A. Campbell, M.D. 


Uppecrave, J. Roentgenographic ob- 
servations of functioning temporomandibular 
joints. F. Am. Dent. A., April, 1957, 54; 
488—sos5. (From: Temple University School 
of Dentistry, Philadelphia, Pa.) 


The value of temporomandibular joint roentgenog- 
raphy varies in the opinion of different investiga- 
tors, but the majority acknowledge the assistance 
good roentgenographic evidence contributes. With 
this view in mind, the author presents a simplified 
technique for roentgenography of the temporo- 
mandibular joint which, by using a few easily con- 
structed accessories, could be performed without 
special training. 

One of the methods of studying function of the 
temporomandibular joints is cinefluorography—a 
motion picture of fluorescent images of the joints. 
The equipment required for this type of examination 
is costly and its narrow applicability means that its 
use is limited to research centers, teaching institu- 
tions and hospitals. 

In lieu of this the serial method of making multiple 
roentgenographic exposures is recommended. This 
technique makes it possible to record the various 
condylar positions on the same film by maintaining 
the head of the patient in a fixed position, utilizing 
the slide tunnel principle and moving the cassette 
for as many as six exposures on one film. The change 
in condylar-fossa relationship can be followed with 
each change in mandibular function. This technique 
has some advantages over cinefluorography in that 
the examination can be performed more readily, 
the films are examined more easily, tracings from 
the roentgenograms can be made and compared, 
minor changes in function are discerned more readily, 
measurement of components in their natural rela- 
tionship is possible, and the parts are portrayed in 
their normal size. 

Serial roentgenographic studies of condylar func- 
tions in Classes 1, 11, and 111 types of occlusal rela- 
tionships were made. 

Observations were recorded on the range of 
condylar translation and on the uniformity of con- 
dylar function of 90 dental students. 

The pertinent facts essential to an understanding 
of the roentgenographic observations made in 6 
patients are included.—Frank L. Lesko, M.D. 
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RIEMENSCHNEIDER, Paut A. Trigonocephaly. 
Radiology, June, 1957, 68, 863-865. (Address: 
736 Irving Avenue, Syracuse Io, N. Y.) 


Trigonocephaly is a congenital deformity of the 
skull characterized by a keel-like ridge at the site of 
the metopic suture. Certain authors have classified 
this condition with the various types of premature 
closure of the cranial sutures, the deformity being 
ascribed to intrauterine closure of the metopic 
suture. Reproductions of skull roentgenograms of 
two patients with this deformity are presented. Both 
show small frontal bones with a shallow frontal fossa 
and orbits set closely together, suggesting a hypo- 
plasia of the ethmoid bone. The metopic suture was 
closed in one patient and open in the other patient. 
These changes discount the hypothesis that trigono- 
cephaly is a result of intrauterine closure of the 
metopic suture and support the conclusion that the 
underlying cause is a hypoplasia of the frontal 
lobes.—Harold C. Hamilton, M.D. 


Harris, and UpvaRHELYI, Georce B. 
Aneurysms arising at the internal carotid- 
posterior communicating artery junction. 
F. Neurosurg., March, 1957, 74, 180-191. 
(From: Department of Surgical Neurology, 
Royal Infirmary, Edinburgh, Scotland.) 


A common place for intracranial aneurysms is at 
the junction of the internal carotid and posterior 
communicating arteries. Twenty-seven per cent of 
intracranial aneurysms in this series of 326 were at 
this location; 10 patients had multiple aneurysms. 

Clinical findings include subarachnoid hemorrhage, 
oculomotor nerve palsy, contralateral hemiparesis 
and ipsilateral frontal and orbital pain. 

Subarachnoid hemorrhage occurred in 75 patients 
and in 23 of these it occurred at the end of the third 
week. Ipsilateral oculomotor palsy was seen in 40 
patients. Trochlear nerve palsy was seen in only 5 
cases. 

Angiography is necessary for diagnosis but pro- 
longed unconsciousness, severe confusion and ab- 
normalities of blood pressure will delay this pro- 
cedure. Twenty-six patients had angiography within 
seven days after the onset of symptoms and 12 more 
within fourteen days. 

At surgery almost all the aneurysms were directed 
backward, downward and lateralzely and the si 
varied from 1.57.5 mm. to 29X15 mm. Anastomo- 
tic circulation between the two internal carotids is 
important in relation to therapy and is routinely 
tested. Sixty-six patients had a proximal ligation of 
carotid arteries in the neck and 12 had an operation 
for direct obliteration of the aneurysms. The former 
operation is preferred if anastomotic circulation on 
the two sides is good. The common carotid is ligated 
first and the internal carotid after a period of three 
months. 

Complications of ligating the carotid included a 
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contralateral hemiparesis in 17 patients, arterial 
hypotension with neurologic deterioration in several 
and psychologic changes in a few. Death occurred in 
4 patients from brain stem ischemia. Recurrent 
bleeding, hemiparesis, oculomotor nerve palsy and 
epilepsy occurred in a few cases after direct oblitera- 
tion of the aneurysm. 

Proximal ligation of the artery is suitable when 
there is good anastomotic circulation and if the 
aneurysm is large or sessile. The direct procedure is 
required when the anastomotic circulation is poor, 
when there is a contralateral or ipsilateral second 
aneurysm or if the aneurysm fills on testing the 
contralateral anastomotic circulation.—George Wer- 
ner, M.D. 


AND CHEST 


ScHLuNGBAUM, W. Zur sogenannten Lungena- 
denomatose. (Contribution to so-called pul- 
monary adenomatosis.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen u. d. Nuklearmedizin, June, 
1957, 86, 679-690. (Address: Spandauer 
Damm 130, Berlin-Charlottenburg 9, Ger- 
many.) 


After mentioning the multiple synonyms, the 
unknown etiology, and the basic differences between 
the bronchial carcinoma and the pulmonary adeno- 
matosis, also called bronchiolar or alveolar cell car- 
cinoma, the author presents 8 cases, 5 of which were 
proved on autopsy or by biopsy to be pulmonary 
adenomatosis. 

The first case had cough, right chest pain, and 
muco-serous sputum. The roentgenogram showed 
diffuse miliary to lenticular densities in the right lung 
and a homogeneous shadow on the left due to effu- 
sion. The initial diagnosis was tuberculosis until 
tumor cells were found in bronchial smears. The 
death occurred after seven months of illness and on 
autopsy, typical diffuse infiltration of the alveoli by 
a low cubical to columnar epithelium was found with 
few signet-ring cells. The only metastases were noted 
in the bifurcation lymph nodes. 

The second case of a seventy-eight year old male 
had swallowing difficulties as a presenting symp- 
tom. The roentgen examination revealed a stenotic 
lesion in the upper third of the esophagus with large 
hilar and upper mediastinal shadows and confluent 
densities in the lower lobes of both lungs. The au- 
topsy demonstrated typical alveolar cell carcinoma 
in both lower lobes, middle lobe, and left upper lobe, 
metastases in the bifurcation and retro-esophageal 
lymph nodes with penetration and perforation into 
the upper third of the esophagus simulating primary 
carcinoma of the esophagus. The total duration of 
illness was one and one-half years. 

The third case of a forty-four year old woman had 
a persistent cough as the main complaint. On the 
basis of roentgenograms which showed patchy den- 
sities in both lungs, an initial diagnosis of miliary 
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tuberculosis was made. Tumor-suspect cells were 
found in the sputum. Two roentgenograms made 
three weeks apart showed marked extension of the 
process in both lungs. This was later shown to be due 
to superimposed unspecific pneumonia. Otherwise, 
the autopsy showed the lesions to be typical of pul- 
monary adenomatosis. 

The fourth case of a fifty-three year old male 
showed a plum-sized round shadow in the apical seg- 
ment of the right lower lobe with cough as the 
presenting symptom. In sputum, cells suspect of 
alveolar cell carcinoma were found. The radiation 
therapy induced marked regression of the shadow 
and improvement of general condition. The patient 
died two years later with symptoms of passive con- 
gestion. The autopsy showed a fist-sized, centrally 
necrotic tumor penetrating into the main bronchus 
of the right lower lobe with structure of alveolar 
carcinoma histologically. Metastatic lesions were 
found in the hilar paratracheal lymph nodes and 
around the vena cava. There was bilateral pleural 
effusion, perigastric metastatic lesions, and metas- 
tases in the adrenal glands. 

The fifth case of a fifty year old male had blood- 
tinged sputum and uncharacteristic complaints. The 
roentgenograms showed ill-defined infiltration in the 
right lower lobe with decrease of volume. The 
bronchograms revealed bronchiectasis in the right 
lower lobe. Lobectomy of the right lower lobe dis- 
closed loculated, ectatic changes in the right lower 
lobe bronchus with neoplastic areas, histologically 
proved as pulmonary adenomatosis originating in the 
bronchiectatic segments. In this case, congenital 
bronchiectatic changes were combined with sec- 
ondary pulmonary adenomatosis. 

The sixth case of a fifty year old woman showed 
also congenital malformations of the bronchi. The 
biopsy of the left lung was not completely conclusive 
of pulmonary adenomatosis although some of the 
areas appeared suspect. . 

The seventh and eighth cases are included because 
of differential diagnostic considerations, each rep- 
resenting a bronchial carcinoma with lymphatic 
spread causing multiple, small, blotchy, round den- 
sities similar to those found in pulmonary adeno- 
matosis. 

Only 2 of the author’s 5 cases showed roentgeno- 
logic findings suggesting primarily the possibility of 
pulmonary adenomatosis. The second case with the 
stenotic lesion in the esophagus, the fourth case with 
the round shadow in the apex of the right lower lobe, 
and the fifth case with ill-defined infiltration in the 
right lower lobe—pathologically around the con- 
genital bronchiectatic changes—were of interest 
showing the uncommon varieties of pulmonary 
adenomatosis.— Nathan Kriss, M.D. 


Vo.uter, G., and Ziircuer, W. Contribution 
a l’étude radio-morphologique et anatomo- 
clinique de |’adénomatose pulmonaire. (Con- 
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tribution to the morphologic radiology and 
clinical anatomy of pulmonary adenomato- 
sis.) Radiol. clin., March, 1957, 26, 59-74. 
(Address: G. Voluter, Institut de Radiologie 
médicale de l'Université; and W. Ziircher, 
Institut d’Anatomie pathologique de |’Uni- 
versité, Geneva, Switzerland.) 


This is the case report of a female aged seventy 
with dyspnea, retrosternal pain, loss of weight, 
cough without sputum and a temperature of about 
100.5° F. There were acid fast bacilli in the gastric 
juice. The roentgenologic examination of the chest 
revealed numerous rather large foci similar to silico- 
sis, and which were interpreted as due to miliary 
tuberculosis. The pathologic report, however, was 
alveolar carcinoma (pulmonary adenomatosis), there 
being no evidence of tuberculosis. There were no 
metastases. 

The authors note that the disease may appear 
roentgenographically as a solitary nodular focus of 
medium size, as nodular agglomerations or as a 
diffuse shadow. The solitary nodular focus may be 
modified in appearance by calcifications and by 
contiguous shadows due to pleural reaction, atelec- 
tasis, emphysema, old fibrosis and intercurrent dis- 
ease. There is no pathognomonic finding in adeno- 
matosis and differentiation from any other miliary 
process is not possible.—Marcy L. Sussman, M.D. 


Haipak, Geratp L., Captan, BERNERD, and 
Matoney, WALTER H. Air contrast bronchog- 
raphy. ¥. Thoracic Surg., July, 1957, 34, 
63-66. (Address: G. L. Haidak, 769 North 
St., Pittsfield, Mass.) 


The authors describe a modified technique of 
bronchography which is thought to result in better 
bronchograms more consistently than with the usual 
procedure. 

After passing an intratracheal catheter and 
anesthetizing the bronchial tree, well heated (five 
minutes in a sterilizer) dionosyl is injected into the 
desired lobe, After the contrast material has entered 
all of the segmental bronchi of the lung or part of 
the lung in question, 150-200 cc. of air is quickly 
injected into the bronchial tree via the tracheal 
catheter. The latter procedure produces a contrast 
type of mucosogram not unlike that seen in air 
contrast colon studies. 

Non-Bucky posteranterior and oblique exposures 
at 72 inch tube-film distance were used. The lateral 
studies were made with a Bucky grid at a 42 inch 
tube-film distance. The 3 bronchograms reproduced 
are of good quality. No untoward side effects have 
been noted from the air injection.—P. C. Olfelt, M.D. 


GREENSPAN, R. H., and Fernsperc, S. B. 
Salmonella bacteremia: A case with miliary 
lung lesions and spondylitis. Radiology, June, 
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1957, 68, 860-862. (Address: S. B. Feinberg, 
737 E. 22nd St., Minneapolis 4, Minn.) 


The authors present a case in which miliary lung 
lesions and spondylitis of two lumbar vertebrae 
were found. This case was thought to be of interest 
because, although pulmonary and bony manifesta- 
tions of salmonellosis have been reported with some 
frequency, no example of miliary lung lesions due to 
this cause could be found in the literature. 

The initial admission chest roentgenogram showed 
a coarse miliary pattern bilaterally with the lesions 
varying in size from I to 3 mm. in diameter. Follow- 
up chest roentgenograms obtained several months 
later showed regression of the chest lesions with 
only a faint residual granular pattern evident. While 
initial spine roentgenograms were negative, those 
obtained about one month later showed destructive 
lesions in 2 adjacent lumbar vertebrae with a collapse 
of the disk space of the type common to an inflamma- 
tory process. These spine lesions showed evidence of 
healing on subsequent examination. 

Blood cultures initially positive for Salmonella 
Tennessee became negative following antibiotic 
therapy. Stool cutures, however, remained positive 
until the gallbladder, which contained calculi, was 
removed some six months after the first admission.— 


Donald N. Dysart, M.D. 


ScHAEDE, A., and Tuurn, P. Zur Frage des 
systolischen Restblutes beim Menschen; 
Angiokardiographische Beobachtungen. (The 
systolic residual blood in man; angiocardio- 
graphic observations.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen u. d. Nuklearmedizin, June, 
1957, 86, 696-710. (From: Medizinische 
Universitatsklinik, Bonn, Germany.) 


The amount of blood remaining in the ventricles 
after systole has been the subject of many investiga- 
tions since it provides information about the heart 
capacity. The roentgenographic volume determina- 
tion before and after Valsalva maneuver as pre- 
viously used by some investigators does not give a 
true picture because the Valsalva maneuver inter- 
feres with venous return. The serial cardiography 
(cineroentgenography) furnishes more accurate re- 
sults providing the examination is performed in 
horizontal position and at least sixteen frames per 
second are taken for demonstration of the maximal 
systole and diastole. 

The authors consider the problem of residual sys- 
tolic blood in three different situations: 1) the ventricle 
under normal stress; 2) the ventricle under volume 
stress; and 3) the ventricle under pressure stress. 

With reference to number 1, three levograms in 
straight posteroanterior view are presented in maxi- 
mal systole and diastole of ventricles with small 
amount of residual blood retained centrally at the 
atrioventricular ostium during maximal systole. 

With reference to number 2, an eight year old and 
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an eleven year old patient with open duct are pre- 
sented, both in levograms, the first following retro- 
grade aortography, the second after venous angio- 
cardiography. Planimetric measurements of opacified 
surfaces of the left ventricle during systole and dia- 
stole reveal a 2:1 ratio of stroke volume to residual 
blood. The atrioventicular plane (mitral valve) shows 
more extensive movements than in normal heart. 

With reference to number 3, as an example of pure 
pressure stress on the ventricles, a compensated 
pulmonary stenosis is selected for the right heart and 
compensated aortic stenosis for the left. Dextro- 
grams and levograms of a three year old and dextro- 
grams of a ten year old patient with pulmonary 
stenosis, as well as a levogram of a four year old with 
aortic stenosis are presented as examples. It is shown 
that the residual systolic blood is smaller in the 
aortic stenosis in the left ventricle than the cor- 
responding amount in pulmonary stenosis in the 
right ventricle. This difference is due to the physio- 
logically stronger myocardium on the left. 

In addition to these cases, all of which were com- 
pensated, a case of mitral insufficiency with right 
heart failure is presented, a thirteen year old patient 
showing in dextrogram large residual systolic blood 
volume in all portions of the right ventricle in con- 
trast to the previous slight residual blood volume 
accumulated only at the atrioventricular level in 
compensated cases. 

The authors do not rely on these studies to decide 
whether the increase in residual blood is a compensa- 
tory mechanism or a sign of insufficiency. They think 
that this question could be decided only on the basis 
of clinical symptomatology and direct intracardiac 
pressure measurements. These findings are in ac- 
cordance with the law of cardiac dynamics (Frank- 
Straub-Starling) which states that a fully efficient 
heart has a smaller residual blood than stroke volume 
but not the failing heart—Nathan Kriss, M.D. 


Rivkin, Laurence M., Reap, Raymonp C., 
C. WaLTon, and Varco, RicHarpD 
L. Massive atelectasis of the left lung in chil- 
dren with congenital heart disease. 7. 
Thoracic Surg., July, 1957, 34, 116-125. 
(From: The Department of Surgery, Uni- 
versity of Minnesota Medical School, Minne- 
apolis, Minn.) 


This group of cardiac surgeons has encountered 
atelectasis of the left lung, preoperatively in some 
cases and postoperatively in others, as a frequent 
complication in certain types of congenital heart 
disease. Eight representative cases of this syndrome 
are described in detail. Five of these patients had 
ventricular septal defects, 1 an aorticopulmonary 
window, I a patent ductus arteriosus with coarcta- 
tion of the aorta, and 1 total anomalous pulmonary 
venous return to the right atrium. In 5 cases, the 
atelectasis was present prior to surgical correction of 
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the defect, and in 3, the atelectasis appeared in the 
postoperative period. All of these atelectatic patients 
had an increased blood flow through the lungs and 
serious pulmonary hypertension. At surgery the 
pulmonary artery was observed to be large, tense and 
pulsatile in all cases. 

The mechanism for the production of this precise 
form of atelectasis is thought to be compression of the 
left main bronchus by an enlarged left pulmonary 
artery. This observation is based on findings at 
surgery and at postmortem examinations. Bronchos- 
copy revealed extrinsic type of obstruction of the 
left main bronchus at the site where the left pulmo- 
nary artery crosses it. A similar type of compression 
by an enlarged left atrium has not been noted. A 
similar massive atelectasis of the right lung has not 
been observed in these infants with pulmonary 
hypertension presumably because of a difference in 
the spatial relationships of the right main bronchus 
and the right pulmonary artery. This condition seems 
to be confined to infants probably because of the 
small lumen and soft nature of their bronchus. 

The authors believe that the onset of roentgeno- 
logically demonstrable obstructive emphysema rep- 
resents an urgent indication for curative cardiac 
surgery before massive collapse occurs. The appear- 
ance of partial or total collapse of the left lung is also 
felt to be an indication for surgery since the sponta- 
neous resolution of this type of atelectasis has only 
been observed to follow a curative operation. The 
response to the surgery is not immediate since the 
vascular changes primarily responsible regress 
slowly.—Paul C. Olfelt, M.D. 


Ottva, Luia1, and Besto, Gran Studio 
sperimentale e sistematizzazione delle ombre 
di trasporto endotoraciche in stratigrafia 
assiale trasversa. (Experimental study and 
evaluation of the so-called “transport shad- 
ows” in transverso-axial laminagraphy of 
the chest.) Radiol. med., June, 1957, 43, 
551-567. (From: Istituto di Radiologia della 
Universita, Genova, Italy.) 


This paper is based on the vast experience ac- 
quired by Vallebona and his associates on horizontal 
laminagraphy and deals with the interpretation of 
particular images that they call “transport shad- 
ows,” and which are normally seen in horizontal 
laminagrams of the chest. 

These shadows can be grouped under four head- 
ings: (1) Intrathoracic sickel-shaped shadows. These 
are faintly radiopaque shadows and are seen generally 
in the lowermost sections of the chest in correspond- 
ence with the anterior costomediastinal sinuses. (2) 
False flattenings of the cardiac silhouette. These 
shadows are seen in the laminagrams of the heart, 
and are generally situated along its right posterior 
lateral border, giving a flat appearance to the heart. 
(3) Intrathoracic pseudo-rib shadows. These are 
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observed in higher sections of the chest as bilateral 
shadows departing from the images of the vertebrae 
and directed laterally with slight concavity. (4) 
Parietal polygonal shadows. These are localized along 
the lateral wall of the chest in correspondence with 
the ribs. 

The research done previously by Vallebona ef ai. 
(Radiologia, 1953, 9, 727-738, and Acta Anat., 1954, 
22, 336-339) and by the present authors has shown 
that the “transport shadows” are simply satellite 
shadows. The ribs, because of their position, the 
heart, vertebral column, etc. because of their opacity, 
leave on the horizontal laminagrams these secondary 
shadows. 

In order to interpret correctly the transverse axial 
laminagram of the chest, therefore, it is important to 
recognize these shadows which not infrequently can 
give rise to some doubts in the roentgen diagnosis of 
intrathoracic pathology.—/. Govoni, M.D. 


ABDOMEN 


OcHsNER, SeYMouR, and Penick, RAWLEY 
M., Jr. Hemangioma of the“small intestine. 
Radiology, June, 1957, 68, 845-848. (Address: 
S. Ochsner, Ochsner Clinic, 3503 Prytania 
‘St., New Orleans, La.) 


A case of capillary hemangioma of the small in- 
testine in a sixteen-year-old girl is presented. The 
patient had intermittent episodes of cramping 
abdominal pain, and a chronic severe anemia was 
present. Roentgenologic studies of the small in- 
testine disclosed several soft polypoid filling defects 
in a segment of the mid-jejunum with the delayed 
roentgenogram showing a cluster of peculiar, 
rounded, barium-coated lesions in the left side of the 
abdomen. A 17 cm. segment of jejunum was resected 
and pathologic examination showed seven polypoid 
lesions arising in the mucosa, which were diagnosed 
histologically as multiple capillary hemangiomas. 
The patient has remained well more than six and a 
half years postoperatively. 

Hemangiomas of the small intestine are rare lesions 
which severely test the diagnostic capabilities of the 
radiologist. Of 1,399 cases of tumors of the small 
intestine recorded in the literature, only 79 had been 
correctly diagnosed before operation, in each instance 
on the basis of roentgenologic evidence. In this 
collected series, there were 127 vascular tumors and 
in only 3 of these had a preoperative roentgenologic 
diagnosis of benign tumor been made. The prime 
indications for roentgenologic examination of the 
small intestine are persistent chronic or recurrent 
periumbilical pain, diarrhea in the absence of disease 
of the colon, and obscure intestinal bleeding.— 


Harold C. Hamilton, M.D. 


Berc, R. M., and Berc, H. M. Coproliths. 
Radiology, June, 1957, 68, 839-844. (Address: 
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R. M. Berg, Quain and Ramstad Clinic, Bis- 
marck, N. D.) 


The purpose of this paper is to remind the radiol- 
ogist to be “coprolith-conscious.” Coproliths were 
not diagnosed in the authors’ department before 
1949 but in the first five years after becoming 
“coprolith-conscious” 42 cases were seen. The word 
coprolith is used to emphasize the radiopacity of the 
concretion and thus distinguish fecaliths which are 
visible roentgenographically from others frequently 
found in the appendix. 

The incidence of coproliths varies considerably 
according to the material from which the cases are 
selected, but a compilation of all the figures found in 
the literature gives an average incidence of about 5 
per cent. The majority of patients in the present 
series were under twenty-one years of age with 11 
of the patients under five years of age. 

A calcified shadow or shadows in the right lower 
quadrant should suggest the possibility of the pres- 
ence of a coprolith. The shape is usually oval but 
may be round, cylindrical, triangular, or irregular. 
Most coproliths are 5 to 20 mm. in diameter, but 
they range in size from just barely visible to 30 to 40 
mm. in diameter. They are usually found in the right 
lower quadrant, but may occur in the right upper 
quadrant, the left lower quadrant, or the minor 
pelvis. They must be differentiated from bone is- 
lands, ureteral and vesical calculi, calcified mesenteric 
lymph nodes, phleboliths and vascular plaques, 
foreign bodies, radiopaque medication, calcified 
appendices epiploicae and ovarian and _ uterine 
calcification. 

A review of the histories in this series reveals that 
50 per cent of the cases would not have had sufficient 
evidence, without the roentgenologic findings, for 
exploration, despite the history and physical and 
laboratory examinations. In the presence of a 
coprolith in a patient with acute abdominal symp- 
toms there is at least a 90 per cent chance that the 
patient has an acute appendicitis. In 49 per cent of 
the cases in this series, the appendix was gangrenous 
or perforated. Most authors recommend an immedi- 
ate appendectomy whenever a coprolith is found. 
The findings in this series are in agreement as far 
as the younger patients are concerned, but operation 
would not appear to be necessary in the symptom- 
free patients.—Harold C. Hamilton, M.D. 


SALEMBIER, Y., Bonte, G., and Léques, B. 
Confrontation des résultats obtenus par 
cholangiographie orale ou intra-veineuse 
et cholangiographie peropératoire dans les 
affections du sphincter d’Oddi. (Comparison 
of the results obtained by oral or intravenous 
cholangiography with those of operative 
cholangiography in diseases of the sphincter 
of Oddi.) F. de radiol., d’électrol. et de méd. 
nucléaire, March-April, 1957, 38, 207-212. 
(From: Service de Clinique chirurgicale and 
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Service de Radiologie de |’Hépital de la 
Charité, Lille, France.) 


The comparison about which the authors write is 
admittedly very difficult, primarily because cases of 
noncalculous disease with proved dystonia of the 
sphincter of Oddi are few. The roentgenologic exami- 
nation is seldom sufficiently extensive and does not 
include pharmacodynamic tests that would establish 
the diagnosis. Because of current practice, radio- 
manometric observations and cholangiography at 
operation usually precede the oral or intravenous 
examination which may not be made for a year or 
more. 

The authors have made the latter studies after the 
performance of a cholecystostomy “a minima.” Four 
pharmacodynamic tests are made: without prepara- 
tion, after morphine, after atropine and after xylo- 
caine-oil. They feel that these observations, although 
perhaps premature, establish a fairly definite picture 
of stenosis of the sphincter of Oddi, and less definite 
findings in hypertony of the sphincter. It may be 
possible to make the latter diagnosis from the oral or 
intravenous cholangiogram.—Marcy L. Sussman, 
M.D. 


Mose Joun E. Radiographic demonstra- 
tion of choledochal cyst by oral cholecystog- 
raphy. Radiology June, 1957, 68, 849-851. 
(Address: Department of Radiology, The 
Mount Sinai Hospital, New York, N. Y.) 


Choledochal cyst or idiopathic dilatation of the 
common bile duct is a congenital localized dilatation, 
the exact etiology of which is obscure. It occurs most 
commonly in children and young adults with the 
incidence four times as great in females as in males. 
The diagnosis may be strongly suggested by the clini- 
cal triad of abdominal pain, tumor, and jaundice, and 
the clinical course is characterized by intermittency 
of the symptoms. 

Nearly 200 cases of choledochal cyst have been 
reported. This case, reported by the author, is the 
only one in which the cyst and gallbladder were 
visualized by oral cholecystography, and the author 
feels that the use of telepaque made this possibie. 
The importance of the preoperative diagnosis of this 
condition is stressed as the mortality from surgery is 
much reduced when the surgeon is prepared for this 
eventuality.—Donald N. Dysart, M.D. 


GENITOURINARY SYSTEM 


Mo uina, Luts F. Ropricuez, and SaBpucepo, 
Mouina. Ureter retro-caval. (Retro- 
caval ureter.) Radiologia, Panama, June, 
1957, 7, 115-119. (Address: L. F. Rodriguez 
Molina, Calle 2 N. 607, Vedado, Habana, 
Cuba.) 

Retrocaval ureter is an anomaly in which the 


right ureter deviates toward the midline behind the 
inferior vena cava in the lumbar region. 
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Symptoms are due to urinary obstruction and 
stone formation. Diagnosis is made by pyelography. 
Treatment depends on the severity of obstruction, 
infection and stone formation. 

A case is reported in which the proximal dilated 
ureter was resected and the distal portion of the 
ureter was sutured to the renal pelvis.—Charles M. 


Nice, Fr., M.D., Ph.D. 


SoTEROPOULOS, C., KawasHima, E., and 
Gitmore, Joun H. Cystitis and ureteritis 
emphysematosa. Radiology, June, 1957, 68, 
866-868. (Address: 836 Wellington Ave., 
Chicago 14, Ill.) 


A case of cystitis emphysematosa complicated by 
ureteritis emphysematosa is reported. Several 
articles have appeared recently regarding cystitis 
emphysematosa but this is believed to be the first 
report of the complication of ureteritis emphysema- 
tosa. Roentgenograms showed the characteristic 
findings of cystitis emphysematosa with extension of 
the emphysematous changes into the ureters. Forty- 
eight hours later the gaseous vesicles had dis- 
appeared, though mucosal inflammation, as shown 
cystoscopically, persisted for several weeks. The 
transient nature of the emphysematous changes may 
account in part for the fact that ureteritis emphy- 
sematosa has not been reported more frequently. The 
functional capacity of the uretero-vesical junction to 
prevent regurgitation into the ureters may also exert 
a similar effect on extension of gaseous vesicles from 
the mucosa and submucosa of the urinary bladder in- 
to the ureters. It is believed that emphysematous 
changes in association with cystitis may occur more 
frequently than is appreciated because of the tran- 
sient nature of these changes.—Harold C. Hamilton, 
M.D. 


Nervous SYSTEM 


Topp, Epwin M., and Garpner, W. James. 
Pantopaque intravasation (embolization) 
during myelography. 7. Neurosurg., March, 
1957, 74, 230-234. (From: Department of 
Neurological Surgery, The Cleveland Clinic 
Foundation, and The Frank E. Bunts Educa- 
tional Institute, Cleveland, Ohio.) 


Hinkel first described intravasation during myelog- 
raphy in 1945, when at fluoroscopy he observed a 
rapidly shrinking subarachnoid oil column and 
radial finger-like projections with subsequent forma- 
tion of the oil column to the right of the lumbar 
spine. There have been only 5 other reported cases. 
In one case attempts to remove the medium were dis- 
continued because of bleeding at the puncture site 
and the patient subsequently developed intrathoracic 
distress at which time a roentgenogram of the chest 
was made and interpreted as pantopaque emboli to 
the lung. 
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The case report included in this paper was similar 
to the one mentioned above; however, serial spot 
films and a lateral roentgenogram demonstrated that 
forward displacement of the spinal needle into the 
anterior internal venous plexus was the cause of in- 
travasation. Chest roentgenograms were made 
immediately, but failed to reveal evidence of 
embolization. Roentgenograms of the skull the 
following day showed faint linear streakings sug- 
gesting intracranial venous distribution of the 
medium. 

The venous pathways of intravasated pantopaque 
have been demonstrated by previous authors to be 
the intervertebral veins which carry the contrast 
material to the lateral sacral and lumbar veins and 
hence to the inferior vena cava. 

It is concluded that occurrence of intravasation is 
probably more frequent than the reported cases 
would indicate and should, therefore, be suspected 
when there is discrepancy between the amount of 
medium injected and withdrawn or when intra- 
thoracic distress attends or follows myelography, 
especially after a hemorrhagic tap.—Paul Inlow, 
M.D. 


SKELETAL SysTEM 


Larsen, Lawrence L., and Wricut, Hosarr 
H. Para-articular ossification, a complication 
of anterior poliomyelitis; a case report. 
Radiology, July, 1957, 69, 103-105. (Address: 
L. L. Larsen, 2900 W. Oklahoma Ave., 
Milwaukee 15, Wis.) 


The authors present the case report of a twelve 
year old white girl with laboratory confirmed an- 
terior poliomyelitis involving all the extremities, 
but most pronounced in the right arm and left leg. 
Roentgen studies of the left hip showed extensive 
para-articular ossification, this finding being absent 
from all other joints on survey roentgenograms. 
Laboratory studies in the reported case showed no 
inherent defects in bone metabolism. This unusual 
complication does not seem to have been reported 
previously in the roentgen literature except by 
Caffey. 

Follow-up studies over the next six months showed 
changes in this hip consistent with maturing bone. 
Surgery performed ten months after the onset of the 
disease showed mature bone arising from the an- 
teromedial aspect of the upper femur and extending 
to the joint capsule and ilium. Gross and microscopic 
examination resulted in the diagnosis of reactive 
bone formation. Free range of motion of the hip was 
obtained by partial surgical excision of the bony 
mass. 

No new theory was advanced as to the mechanism 
of ossification. The concepts of tissue atrophy, 
degeneration and metaplasia remain unproved and 
the etiology remains obscure. Roentgen therapy may 
be beneficial for minimal ossification discovered 
early in convalescence.—Z. Petrany, M.D. 
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Carrey, Joun. Infantile cortical hyperostosis; a 
review of the clinical and radiographic fea- 
tures. Proc. Roy. Soc. Med., May, 1957, 50, 
347-354. (From: Departments of Pediatrics 
and Radiology, College of Physicians and 
Surgeons, Columbia University, and the 
Babies Hospital, New York, N.Y.) 


Although this condition was first named and rec- 
ognized as an entity in 1945, a few isolated instances 
of similar cases were reported, but unclassified, in the 
fifteen years prior to that date. It is presumed that 
this is a new entity rather than one which has been 
overlooked in the past. It is now of sufficiently fre- 
quent incidence that the clinical roentgenographic 
features have been described in more than 100 cases. 
One of the most striking clinical features is the early 
age of onset. There are no valid cases in which the 
age at onset has been greater than five months, and 
in several instances similar pictures have been re- 
ported prenatally, the earliest in a dead fetus at the 
age of twenty-four weeks. This early age of manifes- 
tation points to the importance of transmission from 
the mother as a factor in pathogenesis of all cases. 

The most common first symptom is sudden swell- 
ing of the jaw and face, and in all of the author’s 
cases, the mandible has been involved. All other 
bones of the skeleton are subject to involvement and 
new swellings may occur in one site while they are 
subsiding in other places. The swellings occur over 
the involved bones and are accompanied by regional 
limitation of movement and tenderness but never 
discoloration or edema of the overlying skin. The 
swellings are wooden hard and fixed to the under- 
lying bones. Fever is variable but may be high and 
prolonged. The only laboratory finding of positive 
value is an increase in sedimentation rate which 
varies directly with the activity of the lesion. 

The clinical course is highly variable. In the mild- 
est cases facial swelling disappears in a few weeks. 
In other cases symptoms may regress and suddenly 
recur in new or other areas. In some cases swellings 
have persisted up to twenty months without regres- 
sion and recurrence has occurred as long as seven 
years after complete subsidence of the original at- 
tack. At least three patients have died. 

The roentgenographic findings are identical where- 
ever they are found. The cortical walls of bones 
which underlie the swelling thicken externally. The 
hyperostoses finally heal by reaming out of the 
hyperostoses, producing a thin walled bone with 
dilated medullary cavities. Eventually the bone re- 
sumes normal appearance although patchy sclerosis 
of the mandible may persist for some time after the 
process subsides. 

All bacterial, viral, and immunologic studies in 
the blood, and biopsy specimens have given negative 
results. Urine and cerebral spinal fluids have been 
normal. Chemical and vitamin tests of the blood 
have proved negative. 
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Morbid anatomy has been studied incompletely 
because necropsies have not been reported in the 
classical form of the disease, and there is a dearth of 
biopsies in the earliest phase of the swelling. The 
hyperostoses are made up of normal but immature 
bone. In many cases there has been no microscopic 
evidence of inflammation although in other cases 
the presence of cellular infiltrates has suggested in- 
flammatory reaction. There is no anatomic evidence 
that subperiosteal hemorrhage is a factor. The thick- 
ening of the periosteum may be mucinous in char- 
acterand this feature has led tothe erroneous diagnosis 
of sarcoma in several cases. 

Since it has become evident that the disease is 
occasionally fatal and not infrequently recurrent 
and chronic, it is advisable to treat all patients. 
The adrenocorticosteroids are highly effective in all 
phases of the disease, and cortisone should be given 
in doses of about 200 mg. daily for a period of two to 
three weeks, at which time dosage should be reduced 
gradually to prevent rebound phenomena.—Lois 
Cowan Collins, M.D. 


Perret, Georce. Diagnosis and treatment of 
diastematomyelia. Surg., Gynec. Obst, 
July, 1957, 705, 69-83. (From: The Division 
of Neurosurgery, State University of Iowa 
College of Medicine, Iowa City, Iowa.) 


The authors report § verified cases of diastemato- 
myelia. All presented various types of adjacent skin 
defects such as hypertrichosis, dermal sinus or defec- 
tive skin. One was associated with a thoracic myelo- 
meningocele and another with a lipoma. All had 
neurologic disturbances of varying degree, commonly 
resulting in impaired function of one or both lower 
extremities. The affected extremity tended to be 
slightly smaller than normal. 

Roentgenographic examination in these cases re- 
vealed spina bifida with fusiform widening of the 
spinal canal. There was evidence of a midline bony 
spicule in the spinal canal in 2 cases but the cord 
dividing septum may be cartilagenous or fibrous in 
nature and not cast any shadow. Myelography 
regularly outlined a midline septum which split the 
subarachnoid space into two columns, usually over 
several segments. 

Appropriate operative intervention in 4 of these 
cases resulted either in clinical improvement or ab- 
sence of progression of their neurologic disorders.— 
Arthur E. Childe, M.D. 


SINGLETON, Epwarp B. The radiographic fea- 
tures of severe idiopathic hypercalcemia of in- 
fancy. Radiology, May, 1957, 68, 721-726. 
(Address: Texas Children’s Hospital, 6621 
Fannin St., Houston 25, Texas.) 


Idiopathic hypercalcemia in infants usually has 
an abrupt onset in early infancy after several months 
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of normal development. It is manifested clinically 
by loss of weight, anorexia, constipation, vomiting 
and hypotonia. Laboratory studies disclose hyper- 
calcemia, elevation of the blood urea, and occasion- 
ally evidence of renal acidosis. Two types are rec- 
ognized: a benign self-limiting type in which there are 
no distinctive roentgen findings and a severe type 
characterized by signs of mental retardation, hyper- 
tension, failure of normal development, and bone 
sclerosis with the long bones showing increased 
density of both the cortex and the trabecular struc- 
ture. Craniostenosis has been reported in 2 cases and 
probably in a third. 

A case of the severe form of idiopathic hyper- 
calcemia of infancy in a seventeen-month-old infant 
is reported with special emphasis on the roentgeno- 
logic features.—Harold C. Hamilton, M.D. 


SmitH, Georce W., and Pomeroy, 
Jr. The technic of cervical discography. 
Radiology, May, 1957, 68, 718-720. (Ad- 
dress: G. W. Smith, Medical College of 
Georgia, Augusta, Ga.) 


The authors describe a technique of cervical diskog- 
raphy which they have used in 70 patients. Several 
advantages are claimed for their technique: it can 
be used as an out-patient procedure; rapid absorp- 
tion of the contrast medium obviates the need for its 
removal; fluoroscopy is not required; the procedure 
can be done in fifteen to twenty minutes; there is 
little morbidity. 

The contrast medium, 70 per cent diodrast, is in- 
jected slowly by means of a tuberculin syringe, 
through a 9 cm., 21 gauge spinal needle. Only 0.5 to 
1.0 ml. of the contrast medium is required for each 
disk space. If the disk space being injected is dis- 
eased, the patient complains of severe shoulder, arm, 
hand, and finger pain, or paresthesias simulating his 
admission complaints. Resistance encountered in 
making the injection suggests that the disk may be 
normal. Regular cervical spine roentgenograms, in- 
cluding oblique views, are promptly obtained.— 
Dean Nichols, M.D. 


BLoop AND LyMpH SysTEM 


VIGLIOGLIA, PABLO ALBERTO. Los hemangiomas 
sistemicos; fistulas arteriovenosas congeni- 
tas; (a propdésito de 6 observaciones). (Sys- 
temic hemangiomatosis; congenital arterio- 
venous fistulas [with six observations].) 
Prensa méd. argent., Nov. 16, 1956, 78, 3401- 
3415. (Address: Esparza 92, Buenos Aires, 
Argentina.) 

This paper, written by a dermatologist, and based 
on the review of at least $9 bibliographic sources, 
stresses the fact that arteriovenous fistula, even 
when it seems to be localized to the skin or to a limb 
is always a systemic disease. In the 6 cases, seen by 
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the author in the past three years, the right upper 
limb was involved in 3 patients, the left upper limb 
in I patient, the left lower limb in 1 patient, and both 
upper limbs and the right lower limb in 1 patient. 
Systemic hemangiomatosis is believed to be caused 
by a developmental abnormality having a meso- 
dermal point of attack with ulterior (often multiple) 
localizations in the skin, the buccal mucosa, brain, 
orbit, gastrointestinal tract, liver, bones, etc. There 
is an abnormal peripheral “shunt” between the 
arterial and the venous system, functioning as an 
arteriovenous fistula, most often located in the lower 
extremities, but also described in the neck (carotido- 
jugular), lung, intracranial, etc. 

Cutaneous angiomata are present only in about 60 
per cent of the cases with diagnosable shunt, so that 
integrity of the skin does not rule out the existence of 
arteriovenous fistula. When a limb is affected, it 
hypertrophies, and becomes from § to 50 per cent 
Jarger than the corresponding opposite limb. Roent- 
genographic study shows periosteal proliferation, 
exostoses, and sometimes osseous rarefactions. 
Arteriography reveals early venous phase, while 
phlebography demonstrates an irregular, atypical 
venous network with saccular dilatations. Vascular 
signs include a local “‘brouille,”” and enlargement of 
the left ventricle, eventually with decompensation. 

The differential diagnosis includes acquired (post- 
traumatic) arteriovenous fistula, tropho- or lymph- 
edema, cavernous lymphangioma, hemangioendo- 
thelioma (and -sarcoma), Kaposi’s sarcoma, Reck- 
linghausen’s neurofibromatosis, and congenital hy- 
pertrophy (localized gigantism). 

If diagnosis can be made in the first few months 
of life, radiation (radium or roentgen) therapy may 
be curative. Later, one will have to consider the 
cardiovascular status before deciding the extent of 
surgical intervention best tolerated or required; in 
most cases, vascular ligatures, with or without exci- 
sion of the fistulous communication, will suffice, but 
sometimes even amputation is necessary. 

The clinician will have to think of the possibility 
of systemic hemangiomatosis with arteriovenous 
fistula whenever there is even a localized vascular 
disturbance, such as atypical varices, varicose ulcers, 
or left cardiac (juvenile) insufficiency of obscure 
etiology. The radiologist must include this entity 
among his differential diagnosis of unilateral limb 
hypertrophy with periosteal reaction—E. R. N. 
Grigg, M.D. 


Go.pin, Ratpx R., and Sitver, Maurice L.. 
Ophthalmic artery aneurysm. Radiology, 
May, 1957, 68, 727-730. (Address: R. R. 
Goldin, Albert Einstein College of Medicine, 
Yeshiva University, New York 61, N.Y.) 


A case report of an ophthalmic artery aneurysm 
eroding the outer wall of the optic foramen is pre- 
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sented. Roentgenograms to show the optic foramina 
revealed erosion on the left and carotid angiography 
disclosed a large aneurysm of the left ophthalmic 
artery. The diagnosis was substantiated at operation. 

The possibility of diagnosing the aneurysm from 
the plain roentgenograms on the basis of the anatom- 
ic relationships of the optic nerve and the ophthal- 
mic artery within the optic foramen is discussed. The 
optic nerve lies in the upper inner aspect of the fora- 
men, whereas the ophthalmic artery occupies the 
lower outer portion. In the reported case the erosion 
did involve the outer portion of the foramen, which 
corresponds in location to the ophthalmic artery. 
The inner aspect of the foramen, corresponding to 
the location of the optic nerve, was intact. 

They conclude that when the above described 
erosion is seen, a presumptive diagnosis of ophthalmic 
artery aneurysm is justified.—Dean Nichols, M.D. 


Wise, Burton L. Angiographic demonstration 
of the primitive trigeminal artery (carotid- 
basilar anastomosis). Radiology, May, 1957, 
68, 731-732. (Address: Department of Neuro- 
logical Surgery, University of California 
Medical Center, San Francisco 22, Calif.) 


The primitive trigeminal arteries appear in the 3 
mm. human embryo, connecting the internal carotid 
arteries with the paired longitudinal arteries which 
eventually fuse to form the basilar artery. After the 
formation of the communicating arteries, at the 14 
mm. stage, the trigeminal arteries regress as a rule. 

The primitive trigeminal artery does not seem to 
have any pathologic significance when it does persist 
in the adult. The anomaly has been reported 10 
times in about 3,200 arteriograms. In the case re- 
ported by the author the vessel was demonstrated 
angiographically. It was revealed as a large vascular 
channel joining the proximal subclinoid portion of 
the internal carotid artery with the mid portion of 
the basilar artery.— Arno W. Sommer, M.D. 


CARAMELLA, JosePH J., GeorGE, VANE P., Jr., 
and Hay, Lyte J. A correlative study of 
peripheral coronary pressures and coronary 
arteriography following coronary occlusion. 
Surg., Gynec. &§ Obst., July, 1957, 705, 89-96. 
(From: The Jay C. Phillips Research Labora- 
tory, Mount Sinai Hospital, and the De- 
partment of Surgery, University of Minne- 
sota, Minn.) 

Following acute ligation of a coronary artery in 
the dog the authors found that the peripheral pres- 
sure fell precipitously to 8 mm. of mercury or less. 
These low levels were sometimes sustained, but some- 
times rose slightly or fell progressively indicating 
that the function of existing intercoronaries was 
limited. Thirty minutes after ligation, coronary 
arteriography failed to demonstrate the occluded 
vessel. They found that in surviving dogs the pres 
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sure in chromically occluded arteries rose to the 
levels of unoccluded arteries in about three weeks. The 
findings by coronary arteriography done at varying 
times following coronary artery ligation paralleled 
the peripheral coronary pressure readings.—Arthur 
E. Childe, M.D. 


ScHOBINGER, Rosert, and Strout, Henry C. 
The arteriographic picture of benign bone 
lesions containing giant cells. F. Bone & 
Foint Surg., July, 1957,.39-A4, 953-960. (From 
The Roswell Park Memorial Institute, 
Buffalo, N.Y.) 


The majority of benign bone tumors have normal 
vascular patterns. There is a small number, however, 
which tend to retain the radiopaque material but 
show no other changes. 

In the past two years, 60 cases of bone or soft 
tissue tumors were studied with arteriography of 
which 3 are presented. Urokon-s0 per cent was em- 
ployed and 12 roentgenograms taken at one second 
intervals. Comparing the arteriograms with the his- 
tologic appearance, the authors consider that the 
“puddling” of urokon paralleled the concentration of 
giant cells in quantity and location rather than being 
related to the vascularity of the tumor. It is not 
stated whether or not other cases with giant cells 
showed similar findings. 

Further investigation is warranted, but the his- 
tologic nature of a bone or soft tissue tumor cannot 
now be determined from the arteriographic pat- 
tern.—Martha Mottram, M.D. 


GENERAL 


Wa.psott, G. L. Incipient chronic fluoride 
intoxication from drinking water. II. Dis- 
tinction between allergic reactions and drug 
intolerance. Int. Arch. Allergy, 1956, 9, 241- 
249. 

With the addition of fluoride to drinking water, as 
wel! as the natural occurring fluorides in food and 
water, the author feels that one should be alert to 
symptoms occurring in individuals who have a 
lowered tolerance to drugs since there is a high inci- 
dence of these reactions. The present report differ- 
entiates allergic reactions to fluoride from chronic 
fluoride intoxication due to lack of tolerance to this 
drug, with case reports demonstrating different 
phases of the subject. 

Three groups of symptoms can be noted: (1) 
Those associated with ingestion and elimination of 
fluorides; namely, manifestations on the mucous 
membrane of the mouth, stomach, bowels, and uri- 
nary tract. (2) Symptoms due to interference of 
fluorides with normal utilization of calcium and phos- 
phorus by the body; namely, deposition of bone sub- 
stance in joints and ligaments, especially in the lower 
spine, temporary hardening or sclerosing of the so- 


called hard structures of the body (bones, teeth, 


‘ 


VoL. 78, No. 6 


nails, and hair), followed by softening in the bones 
and nails. (3) Interference of fluorides with cellular 
oxidation and with practically every known enzyme. 
Visual disturbances, partial paresis of the arms and 
legs, headaches, and extreme physical and mental 
sluggishness may thus be explained. 

Roentgenologic examination of the gastrointestinal 
tract reveals no findings and bone changes are very 
difficult to evaluate. In the author’s opinion the in- 
creased urinary calcium output appears to be a 
major diagnostic feature. Urinary excretion of 
fluoride does not normally reflect the patient’s 
tolerance to the drug, and yields no information 
about the chances of intoxication. Many individuals 
may eliminate or store large amounts of fluoride 
without ill effect. A highly individualized tolerance 
to the drug seems to be the determining factor in 
the production of allergy and toxic symptoms. The 
reproduction of symptoms from intradermal skin 
tests and following ingestion of specific doses of 
fluorides (unknown to the patient) is an excellent 
diagnostic aid in differentiating between allergic re- 
action to fluoride and insipid fluoride intoxication. 
The appearance of allergic manifestation such as 
urticaria, dermatitis and allergic nasal disease indi- 
cates that a reaction is due to allergy. Intradermal 
skin tests cannot be fully relied upon, but are con- 
clusive when positive. Immediate onset of symptoms 
suggests but is not conclusive evidence of an allergic 
reaction.—K. K. Latteier, M.D. 


SILVERMAN, FRepeErIc N., and CoHEN, JEROME. 
Dark adaptation with limited light and color 
vision. Radiology, May, 1957, 68, 733-738. 
(Address: F. N. Silverman, Children’s Hos- 
pital, Cincinnati 29, Ohio.) 

The authors report the results of studies to deter- 
mine the degree of dark adaptation obtained by 
various types of light-restricting devices. The most 
common form of dark-adaptation glasses in use at 
the present time is a shielded face-fitting goggle with 
a red plastic filter. This permits light of the longer 
wave lengths to pass, but effectively restricts the 
wave lengths below 600 millimicrons and decreases 
the total intensity of light of all wave lengths en- 
tering the eyes. During the period of dark adapta- 
tion or accommodation, the radiologist’s activity is 
necessarily restricted. He cannot examine films and 
is handicapped by the lack of color vision. Any de- 
vice or procedure which would decrease the incon- 
venience of dark adaptation would therefore serve a 
useful pupose. 

Various modifications of glasses for dark adapta- 
tion have been tried. Dr. Faraghan reported success- 
ful use of opaque goggles with an 8 mm. hole in front 
of each eye. The authors made tests using several 
types of openings in colored glasses, and comparing 
them with standard solid-filter glasses. Goggles with 
a 4 mm. circular aperture in front of one eye only 
were effective as standard—nonperforated—red 
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filter goggles. Opaque goggles with a 4 mm. circular 
aperture in front of each eye were equally effective 
but the loss of peripheral vision was undesirable. 
Goggles with a horizontal slit, 2X10 mm., in front 
of one eye only are recommended on the basis of the 
authors’ studies.—Arno W. Sommer, M.D. 


RADIATION THERAPY 


ApesHouse, BenjAMIN S. The management of 
Wilms’ tumor as determined by national 
survey and review of the literature. ¥. Uro/., 
June, 1957, 77, 792-813. (Address: 100 W. 
Monument St., Baltimore 1, Md.) 


Wilms’ tumor of the kidney is the most common 
tumor of the urinary tract in infancy and childhood. 
The author presents a survey of the literature and 
the results of a questionaire submitted to 81 surgeons. 
The tumors occur with equal frequency in each sex 
and each kidney, and in 1.4 per cent of the cases re- 
ported by the survey, the lesion was bilateral. The 
average age of the patient was 3.2 years. The dif- 
ferential diagnosis is important and must be estab- 
lished by palpation, excretory and retrograde 
pyelography. Excretory urography offers the ad- 
vantage of visualizing the uninvolved kidney. Opera- 
tion can be safely postponed until an accurate diag- 
nosis is established. An analysis of the treatment 
methods indicated the following choice in order of 
frequency: 1) nephrectomy plus postoperative 
irradiation, 2) preoperative irradiation plus nephrec- 
tomy and postoperative irradiation, 3) preoperative 
irradiation plus nephrectomy and, 4) nephrectomy 
alone. Irradiation alone was never the procedure of 
choice, but was employed in inoperable or bilateral 
cases. It is pointed out that in the hands of certain 
surgeons, nephrectomy followed by postoperative 
irradiation offers the best therapy; whereas in the 
hands of other surgeons and in cases where sizeable 
tumor masses are present, preoperative irradiation 
plus nephrectomy followed by postoperative irradia- 
tion is the procedure of choice. The advantages 
claimed for preoperative irradiation include: 1) 
marked reduction in the size of the tumor, 2) less 
likelihood of tumor spread and metastasis or rup- 
ture of the kidney during the operation, 3) the 
general supportive therapy of the patient during 
the period of irradiation therapy and, 4) in the hands 
of many urologic surgeons this method has yielded a 
reduced operative mortality and an increased sur- 
vival rate. In more recent years, preoperative radia- 
tion therapy has been given over a period of 7 to 10 
days, followed by immediate surgery. The recom- 
mended dose is from 1,500 to 2,000 tissue roentgens. 

A rational approach for use of radiation therapy in 
the treatment of Wilms’ tumor is to treat each case 
as an individual problem. In this way the prognosis 
can be improved even more than it has been during 
during the past ten years.—George W. Chamberlin, 
M.D. 
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sented. Roentgenograms to show the optic foramina 
revealed erosion on the left and carotid angiography 
disclosed a large aneurysm of the left ophthalmic 
artery. The diagnosis was substantiated at operation. 

The possibility of diagnosing the aneurysm from 
the plain roentgenograms on the basis of the anatom- 
ic relationships of the optic nerve and the ophthal- 
mic artery within the optic foramen is discussed. The 
optic nerve lies in the upper inner aspect of the fora- 
men, whereas the ophthalmic artery occupies the 
lower outer portion. In the reported case the erosion 
did involve the outer portion of the foramen, which 
corresponds in location to the ophthalmic artery. 
The inner aspect of the foramen, corresponding to 
the location of the optic nerve, was intact. 

They conclude that when the above described 
erosion is seen, a presumptive diagnosis of ophthalmic 
artery aneurysm is justified.—Dean Nichols, M.D. 


Wise, Burton L. Angiographic demonstration 
of the primitive trigeminal artery (carotid- 
basilar anastomosis). Radiology, May, 1957, 
68, 731-732. (Address: Department of Neuro- 
logical Surgery, University of California 
Medical Center, San Francisco 22, Calif.) 


The primitive trigeminal arteries appear in the 3 
mm. human embryo, connecting the internal carotid 
arteries with the paired longitudinal arteries which 
eventually fuse to form the basilar artery. After the 
formation of the communicating arteries, at the 14 
mm. stage, the trigeminal arteries regress as a rule. 

The primitive trigeminal artery does not seem to 
have any pathologic significance when it does persist 
in the adult. The anomaly has been reported 10 
times in about 3,200 arteriograms. In the case re- 
ported by the author the vessel was demonstrated 
angiographically. It was revealed as a large vascular 
channel joining the proximal subclinoid portion of 
the internal carotid artery with the mid portion of 
the basilar artery.— Arno W. Sommer, M.D. 


CARAMELLA, JosEPH J., GEorGE, VANE P., Jr., 
and Hay, Lyte J. A correlative study of 
peripheral coronary pressures and coronary 
arteriography following coronary occlusion. 
Surg., Gynec. & Obst., July, 1957, 705, 89-96. 
(From: The Jay C. Phillips Research Labora- 
tory, Mount Sinai Hospital, and the De- 
partment of Surgery, University of Minne- 
sota, Minn.) 

Following acute ligation of a coronary artery in 
the dog the authors found that the peripheral pres- 
sure fell precipitously to 8 mm. of mercury or less. 
These low levels were sometimes sustained, but some- 
times rose slightly or fell progressively indicating 
that the function of existing intercoronaries was 
limited. Thirty minutes after ligation, coronary 
arteriography failed to demonstrate the occluded 
vessel. They found that in surviving dogs the pres 
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sure in chromically occluded arteries rose to the 
levels of unoccluded arteries in about three weeks. The 
findings by coronary arteriography done at varying 
times following coronary artery ligation paralleled 
the peripheral coronary pressure readings.—Arthur 
E. Childe, M.D. 


ScHOBINGER, Ropert, and Stott, Henry C, 
The arteriographic picture of benign bone 
lesions containing giant cells. ¥. Bone & 
Foint Surg., July, 1957,.39-A4, 953-960. (From 
The Roswell Park Memorial Institute, 
Buffalo, N.Y.) 


The majority of benign bone tumors have normal 
vascular patterns. There is a small number, however, 
which tend to retain the radiopaque material but 
show no other changes. 

In the past two years, 60 cases of bone or soft 
tissue tumors were studied with arteriography of 
which 3 are presented. Urokon-s50 per cent was em- 
ployed and 12 roentgenograms taken at one second 
intervals. Comparing the arteriograms with the his- 
tologic appearance, the authors consider that the 
“‘puddling” of urokon paralleled the concentration of 
giant cells in quantity and location rather than being 
related to the vascularity of the tumor. It is not 
stated whether or not other cases with giant cells 
showed similar findings. 

Further investigation is warranted, but the his- 
tologic nature of a bone or soft tissue tumor cannot 
now be determined from the arteriographic pat- 
tern.—Martha Mottram, M.D. 


GENERAL 


Waxpsott, G. L. Incipient chronic fluoride 
intoxication from drinking water. II. Dis- 
tinction between allergic reactions and drug 
intolerance. Int. Arch. Allergy, 1956, 9, 241- 
249. 

With the addition of fluoride to drinking water, as 
well as the natural occurring fluorides in food and 
water, the author feels that one should be alert to 
symptoms occurring in individuals who have a 
lowered tolerance to drugs since there is a high inci- 
dence of these reactions. The present report differ- 
entiates allergic reactions to fluoride from chronic 
fluoride intoxication due to lack of tolerance to this 
drug, with case reports demonstrating different 
phases of the subject. 

Three groups of symptoms can be noted: (1) 
Those associated with ingestion and elimination of 
fluorides; namely, manifestations on the mucous 
membrane of the mouth, stomach, bowels, and uri- 
nary tract. (2) Symptoms due to interference of 
fluorides with normal utilization of calcium and phos- 
phorus by the body; namely, deposition of bone sub- 
stance in joints and ligaments, especially in the lower 
spine, temporary hardening or sclerosing of the so- 


called hard structures of the body (bones, teeth, 


= 
& 
| 
Fa 


VoL. 78, No. 6 


nails, and hair), followed by softening in the bones 
and nails. (3) Interference of fluorides with cellular 
oxidation and with practically every known enzyme. 
Visual disturbances, partial paresis of the arms and 
legs, headaches, and extreme physical and mental 
sluggishness may thus be explained. 

Roentgenologic examination of the gastrointestinal 
tract reveals no findings and bone changes are very 
difficult to evaluate. In the author’s opinion the in- 
creased urinary calcium output appears to be a 
major diagnostic feature. Urinary excretion of 
fluoride does not normally reflect the patient’s 
tolerance to the drug, and yields no information 
about the chances of intoxication. Many individuals 
may eliminate or store large amounts of fluoride 
without ill effect. A highly individualized tolerance 
to the drug seems to be the determining factor in 
the production of allergy and toxic symptoms. The 
reproduction of symptoms from intradermal skin 
tests and following ingestion of specific doses of 
fluorides (unknown to the patient) is an excellent 
diagnostic aid in differentiating between allergic re- 
action to fluoride and insipid fluoride intoxication. 
The appearance of allergic manifestation such as 
urticaria, dermatitis and allergic nasal disease indi- 
cates that a reaction is due to allergy. Intradermal 
skin tests cannot be fully relied upon, but are con- 
clusive when positive. Immediate onset of symptoms 
suggests but is not conclusive evidence of an allergic 
reaction.—K. K. Latteier, M.D. 


SILVERMAN, FRepERIC N., and CoHEN, JEROME. 
Dark adaptation with limited light and color 
vision. Radiology, May, 1957, 68, 733-738. 
(Address: F. N. Silverman, Children’s Hos- 
pital, Cincinnati 29, Ohio.) 

The authors report the results of studies to deter- 
mine the degree of dark adaptation obtained by 
various types of light-restricting devices. The most 
common form of dark-adaptation glasses in use at 
the present time is a shielded face-fitting goggle with 
a red plastic filter. This permits light of the longer 
wave lengths to pass, but effectively restricts the 
wave lengths below 600 millimicrons and decreases 
the total intensity of light of all wave lengths en- 
tering the eyes. During the period of dark adapta- 
tion or accommodation, the radiologist’s activity is 
necessarily restricted. He cannot examine films and 
is handicapped by the lack of color vision. Any de- 
vice or procedure which would decrease the incon- 
venience of dark adaptation would therefore serve a 
useful pupose. 

Various modifications of glasses for dark adapta- 
tion have been tried. Dr. Faraghan reported success- 
ful use of opaque goggles with an 8 mm. hole in front 
of each eye. The authors made tests using several 
types of openings in colored glasses, and comparing 
them with standard solid-filter glasses. Goggles with 
a 4 mm. circular aperture in front of one eye only 
were effective as standard—nonperforated—red 
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filter goggles. Opaque goggles with a 4 mm. circular 
aperture in front of each eye were equally effective 
but the loss of peripheral vision was undesirable. 
Goggles with a horizontal slit, 2X10 mm., in front 
of one eye only are recommended on the basis of the 
authors’ studies.—Arno W. Sommer, M.D. 


RADIATION THERAPY 


ABESHOUSE, BENJAMIN S. The management of 
Wilms’ tumor as determined by national 
survey and review of the literature. 7. Uro/., 
June, 1957, 77, 792-813. (Address: 100 W. 
Monument St., Baltimore 1, Md.) 


Wilms’ tumor of the kidney is the most common 
tumor of the urinary tract in infancy and childhood. 
The author presents a survey of the literature and 
the results of a questionaire submitted to 81 surgeons. 
The tumors occur with equal frequency in each sex 
and each kidney, and in 1.4 per cent of the cases re- 
ported by the survey, the lesion was bilateral. The 
average age of the patient was 3.2 years. The dif- 
ferential diagnosis is important and must be estab- 
lished by palpation, excretory and retrograde 
pyelography. Excretory urography offers the ad- 
vantage of visualizing the uninvolved kidney. Opera- 
tion can be safely postponed until an accurate diag- 
nosis is established. An analysis of the treatment 
methods indicated the following choice in order of 
frequency: 1) nephrectomy plus postoperative 
irradiation, 2) preoperative irradiation plus nephrec- 
tomy and postoperative irradiation, 3) preoperative 
irradiation plus nephrectomy and, 4) nephrectomy 
alone. Irradiation alone was never the procedure of 
choice, but was employed in inoperable or bilateral 
cases. It is pointed out that in the hands of certain 
surgeons, nephrectomy followed by postoperative 
irradiation offers the best therapy; whereas in the 
hands of other surgeons and in cases where sizeable 
tumor masses are present, preoperative irradiation 
plus nephrectomy followed by postoperative irradia- 
tion is the procedure of choice. The advantages 
claimed for preoperative irradiation include: 1) 
marked reduction in the size of the tumor, 2) less 
likelihood of tumor spread and metastasis or rup- 
ture of the kidney during the operation, 3) the 
general supportive therapy of the patient during 
the period of irradiation therapy and, 4) in the hands 
of many urologic surgeons this method has yielded a 
reduced operative mortality and an increased sur- 
vival rate. In more recent years, preoperative radia- 
tion therapy has been given over a period of 7 to 10 
days, followed by immediate surgery. The recom- 
mended dose is from 1,500 to 2,000 tissue roentgens. 

A rational approach for use of radiation therapy in 
the treatment of Wilms’ tumor is to treat each case 
as an individual problem. In this way the prognosis 
can be improved even more than it has been during 
during the past ten years.—George W. Chamberlin, 
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Jenninos, W. A., and McCrea, A. L. Dose 
distribution in conical rotation therapy with 
a 2-MEV generator. Radiology, May, 1957, 
68, 689-697. (Address: W. A. Jennings, 
Royal Northern Hospital, London N. 7, 
England.) 


The concept of conical therapy is not new. It was 
used as early as 1906 by Kohl, who suggested a 
technique in which the roentgen ray tube revolved 
about a vertical axis, centered on the lesion to be 
treated. Later it was modified so that the patient 
was positioned on a cot, which rotated on a vertical 
axis under a fixed inclined roentgen ray beam. The 
method was developed for the 200-250 kv. range 
available at the time. Later the method was ex- 
tended to supervoltage radiations of the Royal 
Cancer Hospital, London. In order to preserve the 
skin-sparing effect at this quality, they did not use 
a wax cone in the path of the radiation, and the beam 
was aimed deep to the lesion center. An alternative 
approach consists in using a wax cone on the patient 
surface, so as to reduce the rate of fall in dose level 
along the rotation axis, the beam being aimed 
directly at the lesion. 

The authors report the results of studies to as- 
certain the relative merits of the two approaches in 
terms of dosage distribution, percentage depth dose, 
and ease of application. The technique utilizing a 
surface cone was found to offer significant advan- 
tages.—Arno W. Sommer, M.D. 


Jenninos, W. Atan. Percentage depth dose in 
moving-field therapy. Radiology, May, 1957, 
68, 698~707. (Address: Royal Northern Hos- 
pital, London N. 7, England.) 


Moving-field techniques in radiation therapy are 
being used more and more as the difficulties of 
immobilizing the patient and setting up the treat- 
ment are decreasing. The attainment of adequate 
percentage depth doses and their measurement has 
been the subject of much recent investigation. 

The author discusses factors which influence this 
percentage and presents ten sets of curves relating to 
the percentage depth dose. These have been com- 
puted for homogeneous phantoms to demonstrate 
(1) the effects of varying certain physical factors for 
particular techniques, (2) comparisons between 
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different techniques, and (3) the advantages of 
supervoltage over 250 kv. qualities in this respect. 
Two principal techniques were selected for study, 
one “long-axis”’ and one “short-axis” rotation with 
the former represented by the rotating chair tech- 
nique in which the patient rotates continuously 
(360°) in front of a static roentgen ray beam. The 
latter technique is represented by one form of 
conical therapy in which the patient rotates in a 
horizontal plane under a static inclined beam with 
the treatment being delivered from both sides of 
the patient. Two other techniques consisting of con- 
ical therapy with wedge filtration, and 180° are (or 
pendulum) therapy in which the roentgen ray tube 
oscillates to and fro over the static patient are briefly 
compared.—Donald N. Dysart, M.D. 


Hinman, Frank, JR., and SHELINE, GLENN E. 
Limitations of radioisotope therapy for pros- 
tatic carcinoma. ¥. Urol., June, 1957, 77, 
871-874. (From: The Departments of 
Surgery-Urology and Radiology, University 
of California School of Medicine, San Fran- 
cisco, Calif.) 


The results obtained by radioactive gold and 
chromic phosphate directly injected into prostatic 
neoplasm would appear to be palliative only. It has 
been shown that the radiocolloids placed within the 
tumor do not become distributed evenly in all 
portions for curative purposes. This has been dem- 
onstrated by radioautographs and microscopic sec- 
tions. Other studies have shown that the colloidal 
material does not completely pass through normal 
lymphatics and there is considerable doubt that it 
can pass through lymphatics involved by tumor 
tissue. In some instances, no demonstrable irradia- 
tion damage could be detected in the regional lym- 
phatic tissue following administrations of these drugs. 

The authors state that further work should be done 
to determine, 1) whether the immediate painful 
effect can be regularly avoided, 2) whether trans- 
urethral resection of the prostate is preferable, and 3) 
whether antiandrogen therapy, plus isotope injec- 
tion is really more effective than antiandrogen ther- 
apy alone. Since the metastatic lesions are not af- 
fected by locally injected radioactive isotopes, there 
is also this question: Will these patients have easier 
deaths with fewer local complaints?—George W. 
Chamberlin, M.D. 


= 
— 


VoL. 78, No. 6 


SUBJECT INDEX TO VOLUME 78 


(ab) =abstract 


ABDOMEN, acute, significance of regional or reflex 
ileus in roentgen diagnosis of cholecystitis, 
perforated ulcer, pancreatitis and appendic- 
eal abscess, as determined by survey exam- 
ination of, 581 

ABDOMINAL AORTA, Coarctation of, at origin of in- 
ferior mesenteric artery; report of case 
diagnosed by translumbar aortography, 
1003 

ACCIDENTAL PUNCTURE contaminated with Th’, 
case of; studies on elimination and residual 
body activity (ab), 750 

ADENOMA, metastasizing thyroid, diagnosis of (ab), 
74° 

ADRENAL, large carcinoma of (ab), 560 

AEBERSOLD, Paut C., becomes assistant director of 
AEC Division of Civilian Application, 161 

AGENEsIs of sacrum (ab), 932 

AGING and osteoarthritis (ab), 181 

AIR EMBOLISM, fatal, during presacral insufflation of 
air (ab), 561 

ALBERS-SCHONBERG’S disease (generalized osteo- 
petrosis of newborn) with adenopathy of 
Hodgkin’s type (ab), 182 

ALKAPTONURIA with ochronosis and arthritis (ab), 
180 

ALLERGIC REACTIONS and drug intolerance, distinc- 
tion between; incipient chronic fluoride 
intoxication from drinking water (ab), 1100 

AMERICAN Boarp oF Rapro.ocy elects officers, 353 

training requirements, 734 

AMERICAN COLLEGE OF Rapro.ocy, public relations 
and educational programs of (E), 728 

American Rapium Society, Annual Meeting of 


(E), 349 
AMERICAN RoENTGEN Ray Society, Commercial 
Exhibits, 1084 
Fifty-eighth Annual Meeting of (E), 151; (E), 
1070 


Scientific Exhibits, 1075 
Section on Instruction, 354 
ANATOMIC variations, four normal, of importance to 
radiologists, 89 
AneMIA, sickle-cell, bone infarcts in (ab), 932 
AneEuryso of hepatic artery; roentgenologic features 
in one case, 270 
of renal artery, 267 
ophthalmic artery (ab), 1099 
true and false arteriosclerotic, of subclavian 
artery, 1007 
ANEURYSMAL BONE Cyst (ab), 179; (ab), 931 
its roentgen diagnosis (ab), 178 
ANEURYSMS arising at internal carotid-posterior 
communicating artery junction (ab), 1092 
renal artery, 256 


(E) = editorial 


splenic artery; report of 17 cases showing calci- 
fication on plain roentgenograms (ab), 183 
subclavian arteriovenous, of traumatic origin, 
angiographic exploration of (ab), 933 
ANGIOCARDIOGRAPHIC observations; systolic resid- 
ual blood in man (ab), 1094 
ANGIOCARDIOGRAPHY (ab), 182 
ANGIOGRAPHIC demonstration of primitive trigeminal 
artery (carotid-basilar anastomosis) (ab), 
1100 
exploration of subclavian arteriovenous aneu- 
rysms of traumatic origin (ab), 933 
AnciocrapHy, cerebral, in encephalo-trigeminal 
angiomatosis (ab), 565 
renal, radiologic diagnosis of renal tumors by 
(ab), 178 
ANKYLOSING spondylarthritis, bone texture changes 
and destructive lesions in various stages of 
(ab), 930 
spondylitis (ab), 563 
spondylitis; its hormonal background in relation 
to roentgen-ray therapy (ab), 564 
ANOREXIA NERVOSA, case of Lindau’s disease simu- 
lating, 283 
ANTEPARTUM diagnostic roentgenography, effect of, 
on white blood cell count of newborn infant 


(ab), 380 
AorroGcrapuy and pneumography in children (ab), 
560 
significance of, in diagnosis of renal lesions (ab), 
177 


with simultaneous bilateral arteriography of 
lower extremities (ab), 185 
APPENDICEAL ENTEROLITH, Calcified, significance of 
(ab), 926 
AppENDIX, diverticula of (ab), 175; 679 
ARMILLIFER INFECTION (porocephalosis) in man, 
roentgen diagnosis of (ab), 185 
ARTERIA LUSORIA, roentgen diagnostic features of 
(ab), 565 
ARTERIOGRAPHIC manifestations of peripheral oc- 
clusive vascular disease, 273 
picture of benign bone lesions containing giant 
cells (ab), 1100 
ARTERIOGRAPHY, coronary, correlative study of 
peripheral coronary pressures and, follow- 
ing coronary occlusion (ab), 1100 
postmortem, coronary sclerosis in (ab), 933 
simultaneous bilateral, of lower extremities, 
aortography with (ab), 185 
ARTERIOVENOUS fistulas, congenital; systemic he- 
mangiomatosis (ab), 1099 
ArTERY, inferior mesenteric, coarctation of ab- 
dominal aorta at origin of; report of case 


1103 


1104 Subject Index to Volume 78 


diagnosed by translumbar aortography, 
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papillary, in necrotizing renal papillitis, 1049 
Ca.cuut, urachal cyst with, 323 
Cancer, biliary tract, case report on development 
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of prostate, treatment of, by interstitial injec- 
tion of Au’ (ab), 192 
ovarian, results of treatment of, with one million 
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primary vaginal; irradiation management and 
end results (ab), 188 
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556 
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of lower lip, results of treatment of, 780 
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nucleic acids and proteins in; autoradio- 
graphic study of normal and neoplastic 
tissues (ab), 192 
stump, carcinoma of (ab), 746 
Cervix uteri, carcinoma of; ten-year study with 
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posterolateral diaphragmatic hernia in new- 
born (ab), 740 
Contrast examination of larynx and pharynx (ab), 
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medium, use of carbon dioxide as, for visualiza- 
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Darkroom door interlock system, note on, 1067 
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associated with, 719 

DIASTEMATOMYELIA, diagnosis and treatment of 
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DIATRIZOATE SODIUM, studies of tissue distribution 
and excretion of, in laboratory animals, 
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dioxide (ab), 175 
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Dyspuaaia, and Chagas’ disease in their relation 
with achalasia (ab), 380 
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physeal aclasis) (ab), 929 


Ecropia, congenital superior, of kidney, 508 
EpENTULOUS REGIONS, device for localization of 
dental remnants in (ab), 739 
EprroriALs 
Fifty-eighth Annual Meeting of the American 
Roentgen Ray Society, 151 
Annual Meeting of the American Radium Soci- 
ety, 349 
John Heberding, 1882-1957, 351 
Lead poisoning during infancy and early child- 
hood, 547 : 
Public relations and educational programs of 
the American College of Radiology, 728 
Joseph M. Foley, 1899-1957, 732 
The relative biological effectiveness of super- 
voltage radiations, 902 
Byrl Raymond Kirklin, 1888-1957, 906 
Fifty-eighth Annual Meeting of the American 
Roentgen Ray Society, 1070 
Ira Hiram Lockwood, 1885-1957, 1073 
EMERGENCY cart for radiologic department, 134 
ENCEPHALO-TRIGEMINAL ANGIOMATOSIS, cerebral an- 
giography in (ab), 565 
EnrEROLITH, calcified appendiceal, significance of 
(ab), 926 
ENTEROLITHS complicating regional enteritis, 653 
EosINOPHILIC GRANULOMA of bone, 502 
of pelvis in children, three cases of (ab), 179 
EpIDERMOLYSIS BULLOSA, roentgen manifestations 
of, 66 
EsopHaGEAL moniliasis, roentgenographic appear- 
ances of (ab), 174 
strictures, double contrast method for roentgen 
examination of (ab), 174 
webs, 567 
Esopuacus, effect of radiation on; clinical and his- 
tologic study of effects produced by betatron 
(ab), 936 
normal lower, and phrenic ampulla, effects of 
sustained deep inspiration on, in erect 
adults, 1013 
“sickle” shaped deviation of lower third of 
(ab), 379 
spontaneous rupture of; with emphasis on 
roentgenologic diagnosis, 574 
EvuruyRroiD PATIENTS, influence of iodoalphionic acid 
(priodax), with and without thyrotropin, 
on thyroidal I"! uptake in (ab), 190 


FETAL blood stream, gas in; useful sign of fetal death, 
483 

FETOGRAPHY, roentgen visualization of fetus in 
utero by (ab), 380 

FIBROSING LUNG LESIONS, differential diagnosis of 
(ab), 170 


Subject Index to Volume 78 


1107 


Fitm, amateur photographic and dental roentgen- 
ray, disaster monitoring with (ab), 194 
FLUORIDE intoxication, incipient chronic, from 
drinking water; distinction between allergic 
reactions and drug intolerance (ab), 1100 
osteosclerosis, 13 
Fiuoroscopy of small pelvis under normal condi- 
tions and with image amplifier, compara- 
tive dose measurements on ovary in pelvic 
roentgenography with normal and high 
voltage technique and in (ab), 193 
Fo.ey, Joserx M., 1899-1957, obituary, 732 
portrait, 732 
ForaMEN OF MorGacnti, diaphragmatic hernia 
through (ab), 741 
partial obstruction of inferior vena cava by 
herniation of liver through (ab), 557 
FoREIGN BODIES, gastric (ab), 741 
FovEOLA PHARYNGEA OCCIPITALIS, roentgen visual- 
ization of, and its relation to canalis basilar- 
is medianus (ab), 375 


GALLBLADDER, contribution of cholecystometry to 
functional study of (ab), 927 
hypotonia of, of myxedematous origin (ab), 176 
nonvisualizing and poorly visualizing, 617 
GALLSTONE, intragastric, 631 
GALLSTONES, intestinal obstruction by (ab), 743 
Gas in fetal blood stream; useful sign of fetal death, 
483 
Gastric dilatation, acute intrathoracic, associated 
with Bochdalek hernia in infant (ab), 926 
foreign bodies (ab), 741 
GASTROINTESTINAL bleeding, detection of, with bari- 
um-hydrogen peroxide mixture, 698 
function, use of radioactive isotopes in evalua- 
tion of, 705 
manifestations of Schénlein-Henoch syndrome, 
643 
roentgenography, use of water soluble contrast 
medium (hypaque) for, 694 
Genetic basis for limitation of radiation exposure, 
955 
GIANT CELL TUMOR, metastasizing; report of unusual 
case with indolent bone and pulmonary 
metastases, 804 
Goirer, congenital (ab), 739 
endemic, in Venezuela studied with I'*' (ab), 190 
GrowTH ARREST, premature, of knee epiphyses, 499 


Hanp and wrist, peritendinitis calcarea of, 74 
skeleton, human, effect of prolonged nutritive 
failure on epiphyseal fusion in, 461 
Heap, immobilization of, during rotational roent- 
gen-ray therapy (ab), 935 
safe roentgen epilation of (ab), 935 
Hearr and great vessels, use of carbon dioxide as 
contrast medium for visualization of (ab), 
556 
controlled puncture and contrast injection into 
left ventricle of (ab), 172 
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disease, abnormalities seen on chest photo- 
fluorograms and, 226 
right, bases of pneumoradiography of, with car- 
bon dioxide (ab), 557 
HEBERDING, JOHN, 1882-1957, obituary, 351 
portrait, 351 
HemaAncioma of small intestine (ab), 1095 
posterior mediastinal (ab), 174 
HEMANGIOMAS, treatment of, with strontium-go 
beta-ray applicator (ab), 190 
HEMANGIOMATOSIS, systemic; congenital arterio- 
venous fistulas (ab), 1099 
HeMATOLoGic recovery of adult and weanling rats 
following whole body roentgen irradiation, 
887 
HEPATIC ARTERY, aneurysm of; roentgenologic fea- 
tures in one case, 270 
HEPATOGRAPHY, 710 
HEPATOLIENOGRAPHIC agent, new, animal studies 
on; colloidal stannic oxide (ab), 935 
HEPATOSPLENOGRAPHY, experimental, using barium 
sulfate, 328 
Hernia, Bochdalek, in infant, acute intrathoracic 
gastric dilatation associated with (ab), 926 
congenital posterolateral diaphragmatic, in new- 
born (ab), 740 
diaphragmatic, through foramen of Morgagni 
(ab), 741 
postoperative diaphragmatic; complication of 
hiatus hernia repair, 633 
right-sided diaphragmatic liver, following trau- 
ma, 99 
HETEROTROPIC EXCRETION of intravenously injected 
contrast media (ab), 560 
HIATUS HERNIA repair, complication of; postopera- 
tive diaphragmatic hernia, 633 
Hip, results of radiotherapy in osteoarthritis of (ab), 
747 
HirsSCHSPRUNG’S DISEASE, 1024 
HyALINE MEMBRANE DISEASE, preclinical roentgen 
diagnosis of (ab), 378 
roentgenographic findings in, in infants weigh- 
ing 2,000 grams and over, 444 
Hyo-rHyRO-EPIGLOTTIC SPACE, radiologic image of 
tumors of (ab), 375 
idiopathic, 19 
severe idiopathic, of infancy, radiographic fea- 
tures of (ab), 1098 
Hyperostosis, infantile cortical (ab), 563; (ab), 
1098 
HypERTENSION, congenital malformation of renal 
artery cause of (ab), 928 
portal, portal circulation in (ab), 183 
Hypertropny, giant rugal, of stomach (ab), 742 
HypopuHospHATASIA, 392 
Hyporonia of gallbladder, of myxedematous origin 
(ab), 176 
HysTEROSALPINGOGRAPHY using salpix (ab), 176 


I'3!, endemic goiter in Venezuela studied with (ab), 
190 
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uptake, thyroidal, in euthyroid patients, influ- 
ence of iodoalphionic acid (priodax), with 
and without thyrotropin, on (ab), 190 
IDIOPATHIC HYPERCALCEMIA, Ig 
ILEOCECAL INTUSSUSCEPTION in adult, 662 
ILeocotitis (ab), 558 
ILeus, regional or reflex, significance of, in roentgen 
diagnosis of cholecystitis, perforated ulcer, 
pancreatitis and appendiceal abscess, as de- 
termined by survey examination of acute 
abdomen, 581 
IMPINGEMENT exostoses of talus and tibia (ab), 931 
INFANTILE CORTICAL HYPEROSTOSIS (ab), 563; (ab), 
1098 
InTER-AMERICAN COLLEGE OF RaDIOLoGy, 162 
INTERNATIONAL COMMISSION ON RADIOLOGICAL 
Units MEASUREMENTS, report of, 161 
INTESTINAL OBSTRUCTION by gallstones (ab), 743 
INTRACRANIAL TUMORS, observations on cranial 
radiography in series of (ab), 169 
INTRAGASTRIC GALLSTONE, 631 
INTRA-OSSEOUS VENOGRAPHY with special reference 
to its complications (ab), 184 
INTRATHORACIC accessory lobe of liver (ab), 557 
INTRAVENOUS UROGRAPHIC MEDIA, comparative 
study of three, by random selection tech- 
nique, 1061 
InrussuscEPTION, ileocecal, in adult, 662 
In vivo method for determination of cardiac output 
(ab), 191 
Iopanoic aciD, cholecystography with sodium salt of 
(ab), 175 
IRRADIATING exteriorized smal! bowel, effect of, on 
sugar absorption, 850 
IRRADIATION, chronic whole-body, shortening of life 
by, 946 
external, of thyroid gland in dogs, 864 
intracavitary, tolerance of bladder to (ab), 192 
management and end results of primary vaginal 
cancer (ab), 188 
of urinary bladder tumors, results of (ab), 937 
pendulum, new forms of, with 15 mev. betatron 
of Siemens-Reiniger Werke (ab), 936 
preliminary roentgen (ab), 187 
sickness, new drugs for (ab), 748 
with electron beam, dependence of depth dose on 
energy levels and field size in (ab), 936 
IRRADIATIONS, total and subtotal, various mecha- 
nisms of death after (ab), 189 


James Picker FounpDaTION awards, 915 
Jornt, coracoclavicular, 86 
JourNAL BELGE DE RADIOLOGIE, 734 


KIDNEY, congenital superior ectopia of, 508 
Kirk.in, Raymon, 1888-1957, obituary, 906 


portrait, 906 
KNEE epiphyses, premature growth arrest of, 499 


LAMINAGRAPHY, lung, use of different tube shifts in 


(ab), 379 
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Larynx and pharynx, contrast examination of (ab), 


375 
LEAD poisoning during infancy and early childhood 
(E), 547 
LeuKEMIA, acute, pleural pulmonary picture in 
(ab), 740 


childhood, vertebral changes in (ab), 180 
LinDAv’s DISEASE simulating anorexia nervosa, case 
of, 283 
LINEAR ACCELERATOR, 4 mev., physical measure- 
ments on (ab), 747 
Lip, lower, results of treatment of carcinoma of, 780 
Liver hernia, right-sided diaphragmatic, following 
trauma, 99 
intrathoracic accessory lobe of (ab), 557 
partial obstruction of inferior vena cava by 
herniation of, through foramen of Morgagni 
(ab), 557 
Lockwoop, Ira Hiram, 1885-1957, obituary, 1073 
portrait, 1073 
LoGETRONOGRAPHY, 124 
Lune, homolateral, large pneumothorax and associ- 
ated massive collapse of, due to intra- 
bronchial obstruction (ab), 556 
left, massive atelectasis of, in children with con- 
genital heart disease (ab), 1094) 
lesions, fibrosing, differential diagnosis of (ab), 
170 
tissue, correction factors for tumor dose in 
chest cavity due to diminished absorption 
and scatter in (ab), 194 
tomography, use of different tube shifts in (ab), 
379 
tumors, apical, radiation management of (ab), 
188 
LunGs, pulmonary fibrosis and collagen diseases of 
(ab), 375; (ab), 376; (ab), 377 
roentgen appearances of, in 1,000 apparently 
normal full term newborn infants, 440 
LyMPHATIC VESSELS, lesions of, in congenital mal- 
formations of deep veins (ab), 184 
LyMpHATIcs, mammalian, effect of ionizing radia- 
tions on regeneration and behavior of; in 
vivo studies in Sandison Clark chambers, 
837 
LymMpHOoMA, mouse, locally radioresistant, develop- 
ment and transplantation of, 831 


MecuaAnisms of death, various, after total and sub- 
total irradiations (ab), 189 

ILEus (ab), 743 

MEDIASTINAL HEMANGIOMA, posterior (ab), 174 

MELANOMA, malignant, roentgen manifestations of, 
769 

malignant, treatment of, with special reference 

to possible effect of radiotherapy (ab), 186 

MeErTABOLIsM of nucleic acids and proteins in cervical 
epithelium, preliminary study of; auto- 
radiographic study of normal and neoplastic 
tissues (ab), 192 
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MicrorapiocrapHy, high voltage projection, im- 
proved definition in roentgen-ray diag- 
nosis by (ab), 185 

MIKULICz’s DISEASE and Mikulicz’s syndrome, sialo- 
graphic differentiation of (ab), 739 

MILK OF cALcIuM bile in common duct, 1020 

MirTRAL commissurotomy patients, 150 consecutive, 
roentgenologic follow-up on, 213 

valvular disease, radiographic estimation of 

pulmonary artery pressure in (ab), 172 

MyeELoma, multiple, coexistence of Paget’s disease 
of bone and, 30 

MyocarpiuM, calcification of (ab), 740 

MyometriuM, clearance rates of radiosodium from 
(ab), 748 


Na” and external counter for measuring whole-body 
radioactivity, sodium balance studied with 
(ab), I91 
NEUROBLASTOMA, radiation therapy of (ab), 187 
roentgenologic and pathologic study of, 420 
NeEwELL, Rosert R., honored, 550 
NintTH INTERNATIONAL CONGRESS OF RADIOLOGy, 
550 
Nocarpiosis (ab), 172 
Nutritive failure, prolonged, effect of, on epi- 
; physeal fusion in human hand skeleton, 461 
Oak Rince Institute or Nuciear Sruptes offers 
radioisotopes courses, 915 
Oak RipGe Nationat Laporatory AND Oak RIDGE 
InstiruTE OF NucLEAR STuDIES sponsor 
symposium, 353 
OcHRONOSIS, 46 
and arthritis, alkaptonuria with (ab), 180 
OcULO-NEUROLOGIC SEQUELAE due to trauma, radi- 
ological investigation of (ab), 169 
OPHTHALMIC ARTERY aneurysm (ab), 1099 
Optic CANAL and sphenoidal sinus, roentgenologic 
study of correlations between (ab), 739 
ORAL CAVITY, paranasal sinuses, and upper respira- 
tory tract, adenoid cystic, carcinoma of, 
79° 
OssEOUS TORTICOLLIS, congenital, in schisosynostosis 
axialis congenita familiaris (ab), 182 
OssicLes, unusual bilateral sacrococcygeal (ab), 179 
OssIFICATION, para-articular, a complication of 
poliomyelitis (ab), 1097 
OssirF1ED secondary centers of lumbar vertebrae, 
vacuum sign in (ab), 932 
OsTEOARTHRITIS, aging and (ab), 181 
of hip, results of radiotherapy in (ab), 747 
Osteocuonpritis, bilateral, of middle cuneiform 
bone (ab), 745 
OsTEOGENESIS IMPERFECTA CONGENITA, case of, 
diagnosed in utero (ab), 558 
OsTEOGENESIS IMPERFECTA CysTIcA? Unusual cystic 
lesion of bone, limited to pelvis and lower 
extremities (ab), 563 
OsTEOMA CUTIS, 73 
OsTEopEtrosis, generalized, of newborn (Albers- 
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Schénberg’s disease) with adenopathy of 
Hodgkin’s type (ab), 182 
Osreosc_erosis, fluoride, 13 


PaGET’sS DISEASE—active or quiescent? (ab), 562 
of bone and multiple myeloma, coexistence of, 
30 
Pain, congenital indifference to; with special refer- 
ence to skeletal changes (ab), 180 
Pancreas, diffuse calcification of, 599 
intravenous cholangiography as aid in diagnosis 
of carcinoma of head of (ab), 927 
new method for demonstration of (ab), 176 
PANCREATITIS, simulation of colonic obstruction at 
splenic flexure by; roentgen features, 607 
PANTOPAQUE intravasation (embolization) during 
myelography (ab), 1097 
PARATHYROID carcinoma, mediastinal, with metas- 
tases (ab), 556 
PARIETAL BONES, significance of thinning of, 39 
PAROSTEAL OSTEOGENIC SARCOMA, roentgenographic 
recognition and differentiation of, 1 
Pepratric problems, bronchography in diagnosis of 
(ab), 925 
Petvis, small, comparative dose measurements on 
ovary in pelvic roentgenography with nor- 
mal and high voltage technique and in 
fluoroscopy of, under normal conditions 
and with image amplifier (ab), 193 
three cases of eosinophilic granuloma of, in chil- 
dren (ab), 179 
PELYCEPHALOMETRY, roentgenographic, automatic 
compensation in, 1063 
PERICARDIAL EFFUSION and thickening, intravenous 
carbon dioxide for intracardiac gas contrast 
in roentgen diagnosis of, 224 
PERITENDINITIS CALCAREA of hand and wrist, 74 
Peryopat H viscous, water-soluble contrast medi- 
um containing dextran (ab), 177 
PHOTOGRAPHIC FILM, roentgen-ray studies of, 161 
PHRENIC AMPULLA and normal lower esophagus, 
effects of sustained deep inspiration on, in 
erect adults, 1013 
PuysI0Locy, visual, of roentgen diagnosis, 116 
Pirressin, clinical use of, in excretory urography, 
343 
Pirurrary FOssA, roentgen standards for size of, 
from infancy through adolescence, 451 
PLACENTOGRAPHY, gravitational (ab), 927 
soft-tissue, in diagnosis of bicornuate uterus (ab), 
559 
PLEUROPULMONARY TULAREMIA, roentgen manifesta- 
tions of (ab), 171 
PNEUMATOSIS CYSTOIDES INTESTINALIS, report of 
first case complicated by fatal rupture of 


colon, 681 
PNEUMOGRAPHY and aortography in children (ab), 
560 


PNEUMORADIOGRAPHY of right heart with carbon 
dioxide, bases of (ab), 557 
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PNEUMOTHORAX, large, and associated massive col- 
lapse of homolateral lung due to intra- 
bronchial obstruction (ab), 556 

PoLyARTERITIS, ulcerative jejunitis in (ab), 926 

PoLyaRTuRITIS, carpal images at initial stages of 
(ab), 930 

Potyps of colon in children, spontaneous regression 
of (ab), 175 

Porrat circulation in portal hypertension (ab), 183 

venography, percutaneous splenic (ab), 565 

PRESACRAL INSUFFLATION of air, fatal air embolism 
during (ab), 561 

PsEuDOTUMOR sign, variant of, 691 

PuBLIc RELATIONS and educational programs of 
American College of Radiology (E), 728 

PULMONARY ADENOMATOSIS, contribution to so-called 
(ab), 1092 

PuLmMonary arteriovenous fistula, roentgen mani- 
festations of, 234 

artery pressure in mitral valvular disease, radio- 
graphic estimation of (ab), 172 

fibrosis and collagen diseases of lungs (ab), 375; 
(ab), 376; (ab), 377 

hypertension, primary, in brothers, 471 

mycoma, roentgen diagnosis of (ab), 171 

picture, pleural, in acute leukemia (ab), 740 

Pye iris cystica and ureteritis cystica (ab), 561 

PyELOGRAPHY, intravenous, layering of urine during 
(ab), 178 

PYELORENAL backflow, 296 


Racuitis deformities (ab), 929 
RapiaATion damage of rabbit’s eye in relation to dos- 

age and quality of roentgen rays (ab), 749 

effect of, on esophagus; clinical and histologic 
study of effects produced by betatron (ab) 
936 

exposure, genetic basis for limitation of, 955 

exposure, past and present, to radiologists from 
point of view of life expectancy, 988 

exposure, practical suggestions for reducing, in 
diagnostic examinations, 983 

hazards and what is being done about them; 
symposium, 944 

hazards, today’s problems in, and what is being 
done to control them; summary, 1000 

management of apical lung tumors (ab), 188 

protection, common sense in, applied to clinical 
practice, 993 

protection group appoints new committee, 160 

quality, target-axis distance, and field size, ef- 
fects of, on dose distribution in rotation 
therapy, 819 

supplemented by local application of oxygen, 
early results from treatment of skin tumors 
with (ab), 937 

therapy, contributions of biology to; Janeway 
lecture, 751 

therapy, grid method in, with ultra-hard roent- 
gen rays at 15 mev. (ab), 936 

therapy of neuroblastoma (ab), 187 
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tumor dose, mineral content of bone tumors 
and its influence on, 109 
RapDIATIONS, ionizing, effect of, on regeneration and 
behavior of mammalian lymphatics; in 
vivo studies in Sandison Clark chambers, 
837 
Raptoactive, gold production of malignant tumors 
(hepatomas and others) by intraperitoneal 
injection of, in white rat (ab), 938 
iodine tracer dose, assessment of thyroid func- 
tion by measurement of urinary secretion 
of; review of cases examined and considera- 
tion of usefulness of test (ab), 191 
isotopes, course in, for technicians, 735 
isotopes, use of, in evaluation of gastrointestinal 
function, 705 
Rapioactivity, whole-body, sodium balance studied 
with Na” and external counter for meas- 
uring (ab), 191 
RapioGRAPHIc estimation of pulmonary artery pres- 
sure in mitral valvular disease (ab), 172 
features of severe idiopathic hypercalcemia of 
infancy (ab), 1098 
RapioGrapny, cranial, observations on, in series of 
intracranial tumors (ab), 169 
RapioisotoreE therapy, limitations of, for prostatic 
carcinoma (ab), 1102 
RapioLocic aspects of perforation of bronchial! 
lymph nodes in course of primary infection 
(ab), 171 
department, emergency cart for, 134 
dosimetry, development of chest phantom for 
use in (ab), 193 
image of tumors of hyo-thyro-epiglottic space 
(ab), 375 
investigation of oculo-neurologic sequelae due 
to trauma (ab), 169 
Rapio.ocist, clinical, emergence of, and his prob- 
lems, 939 
Rapio.ocists, four normal anatomic variations of 
importance to, 89 
past and present radiation exposure to, from 
point of view of life expectancy, 988 
Rapio.oGy, morphologic, contribution to, and clin- 
ical anatomy of pulmonary adenomatosis 
(ab), 1093 
postgraduate course in, to be presented, 353 
RaDIORESISTANCE, relation of tumor size to (ab), 
937 
RapiorEsIsTANT, locally, mouse lymphoma, de- 
velopment and transplantation of, 831 
RapiosopiuM, clearance rates of, from myometrium 
(ab), 748 
RADIOTHERAPY in osteoarthritis of hip, results of 
(ab), 747 
treatment of malignant melanoma with special 
reference to possible effect of (ab), 186 
RECTAL POLYPS, roentgenologic detection of; con- 
tribution to prophylaxis of carcinoma of 
rectum, 685 


Subject Index to Volume 78 


III! 


REGIONAL ENTERITIS, enteroliths complicating, 653 
RELATIVE BIOLOGICAL EFFECTIVENESS of supervolt- 
age radiations (E), go2 
RENAL artery, aneurysm of, 267 
artery aneurysms, 256 
artery, congenital malformation of, cause ot 
hypertension (ab), 928 
backflow in excretory urography, 289 
Escherichia coli infection associated with dia- 
betes mellitus, 719 
lesions, significance of aortography in diagnosis 
of (ab), 177 
papillitis, necrotizing, papillary calcification in, 
1049 
pyramids, opacification of, in intravenous urog- 
raphy, 317 
tumors, radiologic diagnosis of, by renal angiog- 
raphy (ab), 178 
RENOGRAFIN; new intravenous urographic medium 
(ab), 559 
RETINOBLASTOMA, metastatic, as cause of diffuse 
intracranial calcification, 437 
ReTROcAVAL ureter (ab) 1096 
RETROPERITONEAL TUMORS, primary, 333 
RETROPLEURAL HEMATOMAS, roentgenologic aspects 
of, following sympathectomy (ab), 379 
Rocky Mountain Society, 353 
ROENTGEN appearances of lungs in 1,000 apparently 
normal full term newborn infants, 440 
criteria of impending perforation of cecum (ab), 
742 
death of young axolotl (Siredon mexicanum), 
histopathology of, 518 
diagnosis of aneurysmal bone cyst (ab), 178 
diagnosis of Armillifer infection (porocephalosis) 
in man (ab), 185 
diagnosis of cholecystitis, perforated ulcer, pan- 
creatitis and appendiceal abscess, as deter- 
mined by survey examination of acute ab- 
domen, significance of regional or reflex 
ileus in, $81 
diagnosis of pericardial effusion and thickening, 
intravenous carbon dioxide for intracardiac 
gas contrast in, 224 
diagnosis of pulmonary mycoma (ab), 171 
diagnosis, preclinical, of hyaline membrane dis- 
ease (ab), 378 
diagnosis, visual physiology of, 116 
diagnostic features of arteria lusoria (ab), 565 
epilation, safe, of head (ab), 935 
examination of esophageal strictures, double 
contrast method for (ab), 174 
examination of essential scoliosis (ab), 930 
examination, use of senna for preparation of 
colon for, 725 
features of bronchial adenoma of peripheral 
type, note on (ab), 379 
findings, comparative, in symptomatic and 
asymptomatic backs (ab), 930 
findings in patients with high serum calcium 
(ab), 181 
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findings in progressive scleroderma (ab), 934 

image, symmetry of, in silicosis (ab), 170 

irradiation, effects of, on fertilized eggs of an- 
nelid, chaetopterus (ab), 750 

irradiation, preliminary (ab), 187 

irradiation, whole body, hematologic recovery 
of adult and weanling rats following, 887 

manifestation of epidermolysis bullosa, 66 

manifestations of isolated ventricular septal de- 
fect, evaluation of (ab), 173 

manifestations of malignant melanoma, 769 

manifestations of pleuropulmonary tularemia 
(ab), 171 

manifestations of psoriatic arthritis (ab), 563 

manifestations of pulmonary arteriovenous fis- 
tula, 234 

-radiation in range from 30 kev. to beyond 1 
mev., photographic personnel dosimeter for 
(ab), 938 

-ray diagnosis, improved definition in, by high 
voltage projection microradiography (ab), 
185 

-ray film, dental, disaster monitoring with ama- 
teur photographic film and (ab), 194 

-ray, one million volt, results of treatment of 
ovarian cancer with (ab), 186 

-ray radiation and dental patient (ab), 1091 

-ray studies of photographic film, 161 

-ray therapy, hormonal background of ankylos- 
ing spondylitis in relation to (ab), 564 

-ray therapy, rotational, immobilization of head 
during (ab), 935 

rays, dosage and quality of, radiation damage of 
rabbit’s eye in relation to (ab), 749 

rays, ultra-hard, at 15 mev., grid method in 
radiation therapy with (ab), 936 

recognition of dissecting aneurysm of thoracic 
aorta, 247 

standards for size of pituitary fossa from in- 
fancy through adolescence, 451 

therapy device, cranial immobilization device 
for use in (ab), 747 

therapy in Cushing’s syndrome without adreno- 
cortical tumor (ab), 187 

visualization of fetus in utero by fetography 
(ab), 380 

visualization of foveola pharyngea occipitalis 
and its relation to canalis basilaris medi- 
anus (ab), 375 

ROENTGENOGRAPHIC appearances of esophageal 

moniliasis (ab), 174 

diagnosis of spinal tumors, 54 

findings in familial dysautonomia (ab), 929 

findings in hyaline membrane disease in infants 
weighing 2,000 grams and over, 444 

findings in skeleton in Cooley’s anemia, review 
of, 381 

observations of functioning temporomandibular 
joints (ab), 1091 
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pelycephalometry, automatic compensation in, 
1063 
recognition and differentiation of parosteal 
osteogenic sarcoma, 1 
study, in vivo, blood-level study and relief of 
anginal pain with pentaerythritol tetra- 
nitrate; timed-disintegration capsules (tym- 
caps)—further study (ab), 173 
ROENTGENOGRAPHY, antepartum diagnostic, effect 
of, on white blood cell count of newborn 
infant (ab), 380 
gastrointestinal, use of water soluble contrast 
medium (hypaque) for, 694 
pelvic, comparative dose measurements on ovary 
in, with normal and high voltage technique 
and in fluoroscopy of small pelvis under 
normal conditions and with an image am- 
plifier (ab), 193 
ROENTGENOLOGIC and pathologic study of neuro- 
blastoma, 420 
detection of small rectal polyps; contribution to 
prophylaxis of carcinoma of rectum, 685 
examination of thorax, recent contributions to 
(ab), 556 
follow-up on 1§0 consecutive mitral commis- 
surotomy patients, 213 
study of correlations between optic canal and 
sphenoidal sinus (ab), 739 
RoraTION THERAPY, effects of radiation quality, tar- 
get-axis distance, and field size on dose 
distribution in, 819 
Rupture, spontaneous, of esophagus; with empha- 
sis on roentgenologic diagnosis, 574 


S*, localization of, in skin of rat (ab), 749 

SacrococcyGEAL ossicles, unusual bilateral (ab), 179 

SACROILIAC JOINTS, what do spot films of, have to 
offer? (ab), 932 

Sacrum, agenesis of (ab), 932 

SALMONELLA BACTEREMIA: case with miliary lung 
lesions and spondylitis (ab), 1093 

Sapix, hysterosalpingography using (ab), 176 

SCHISOSYNOSTOSIS AXIALIS CONGENITA FAMILIARIS, 
congenital osseous torticollis in (ab), 182 

ScHONLEIN-HENOCH SYNDROME, gastrointestinal 
manifestations of, 643 

SciENcE and solitude versus clinical consultation; 
Carman lecture (ab), 745 

ScLERODERMA, progressive, roentgen findings in (ab), 
934 

Sco.iosis, essential, roentgen examination of (ab), 
930 

SENNA, use of, for preparation of colon for roentgen 
examination, 725 

SENSITOMETRIC CONTROL, simple, of developer activ- 
ity, 145 

SERUM CALCIUM, high, roentgen findings in patients 
with (ab), 181 

SIALOGRAPHIC differentiation of Mikulicz’s disease 
and Mikulicz’s syndrome (ab), 739 


g 


VoL. 78, No. 6 


“SICKLE” shaped deviation of lower third of esopha- 
gus (ab), 379 

SILICOsIs, symmetry of roentgen image in (ab), 171 

SKELETAL CHANGES, congenital indifference to pain, 
with special reference to (ab), 180 

Skin of rat, localization of S* in (ab), 749 

tumors, early results from treatment of, with 

radiation supplemented by local applica- 
tion of oxygen (ab), 937 

SMALL BOWEL, exteriorized, effect of irradiating, on 
sugar absorption, 850 

SPHENOIDAL SINUS and optic canal, roentgenologic 
study of correlations between (ab), 739 

SPINAL TUMORS, roentgenographic diagnosis of, 54 

SPLENIC ARTERY aneurysms; report of 17 cases show- 
ing calcification on plain roentgenograms 
(ab), 183 

SPLENOPORTOGRAPHY, percutaneous, 
and limitations of (ab), 745 

SPONDYLOLISTHESIS, autopsy study (ab), 179 

Spor FILMs of sacroiliac joints (ab), 932 

SroMacu, giant rugal hypertrophy of (ab), 742 

SrroNTIUM-90 beta-ray applicator, treatment of 
hemangiomas with (ab), 190 

SUPERIOR VENA CAVAL OBSTRUCTION, venography in 
(ab), 934 

SupPERVOLTAGE radiations, relative biological effec- 
tiveness of (E), 902 

SYMPATHECTOMY, roentgenologic aspects of retro- 
pleural hematomas following (ab), 379 

SyncHROcYCLOTRON, Chicago, pretherapeutic stud- 
ies with, 876 


effectiveness 


Ta.us and tibia, impingement exostoses of (ab), 931 
TARSO-EPIPHYSEAL ACLASIS; dysplasia epiphysialis 
hemimelica (ab), 929 
Tu’, case of accidental puncture contaminated with; 
studies on elimination and residual body 
activity (ab), 750 
THERAPY, conical rotation, with 2 mev. generator, 
dose distribution in (ab), 1102 
moving-field, percentage depth dose in (ab), 
1094 
THORACIC AORTA, roentgen recognition of dissecting 
aneurysm of, 247 
THorax, recent contributions to roentgenologic 
examination of (ab), 556 
THOROTRAST, case report on development of biliary 
tract cancer eleven years after injection of, 
812 
Tuyroip adenoma, metastasizing, diagnosis of (ab), 
740 
function, assessment of, by measurement of 
urinary excretion of radioactive iodine 
tracer dose; review of cases examined and 
consideration of usefulness of test (ab), 191 
gland in dogs, external irradiation of, 864 
TIMED-DISINTEGRATION CAPSULES (tymcaps)— furth- 
er study; in vivo roentgenographic study, 
blood-level study and relief of anginal pain 


Subject Index to Volume 78 


1113 


with pentaerythritol tetranitrate (ab), 173 
Tissue distribution and excretion of sodium dia- 
trizoate in laboratory animals, studies of, 
137 
TOTAL BODY SCANNING, studies with modified colli- 
mator for use with scintillation counter for, 
855 
TRIGONOCEPHALY (ab), 1092 
Tumor dose in chest cavity due to diminished ab- 
sorption and scatter in lung tissue, cor- 
rection factors for (ab), 194 
size, relation of, to radioresistance (ab), 937 
Tumors, broncho-pulmonary, importance of bron- 
chography in study of (ab), 925 
malignant (hepatomas and others), production 
of, by intraperitoneal injection of radio- 
active gold in white rat (ab), 938 
primary retroperitoneal, 333 


ULCERATIVE JEJUNITIS in polyarteritis (ab), 926 
Uracuat cyst with calculi, 323 
UreTERAL changes, diverticular, 1053 
UreETERITIS CysTIcA and pyelitis cystica (ab), 561 
URETEROPELVIC JUNCTION, obstructed (ab), 561 
URINARY BLADDER TUMORS, results of irradiation of 
(ab), 937 
Uaine, layering of, during intravenous pyelography 
(ab), 178 
Urocrapuic media, three, intravenous, comparative 
study of, by random selection technique, 
1061 
medium, new intravenous, renografin as (ab), 
559 
Urocrapuy, excretory, clinical use of pitressin in, 
343 
excretory, renal backflow in, 289 
intravenous, opacification of renal pyramids in, 
317 
Urerus, bicornuate, soft-tissue placentography in 
diagnosis of (ab), 559 


VASCULAR DISEASE, peripheral occlusive, arteriogra- 
phic manifestations of, 273 
Veins, deep, lesions of lymphatic vessels in con- 
genital malformations of (ab), 184 
VENOGRAPHY in superior vena caval obstruction 
(ab), 934 
intra-osseous, with special reference to its 
complications (ab), 184 
percutaneous splenic portal (ab), 565 
VENTRICULAR septal defect, isolated, evaluation of 
roentgen manifestations of (ab), 173 
VERTEBRAE, lumbar, vacuum sign in ossified second- 
ary centers of (ab), 932 
VERTEBRAL changes in childhood leukemia (ab), 180 
vein system, 195 
Visc1opo_ in bronchography, use of (ab), 378 
VisuaizaTion of brachiocephalic vessels, corner 
positioning for (ab), 184 


e 


1114 Subject Index to Volume 78 DEcEMBER, 1957 


VoLVULUs OF cECUM and ascending colon, associa- 
tion of, with other obstructive colonic le- 
sions, 587 


WEATHERWAX, JAMES, Blockley Radiological Soci- 
ety honors, 550 

WuHOLE-Bopy exposures, single, of mice to fission 
neutrons and Co® gamma rays, compara- 
tive mortality following (ab), 749 


irradiation, chronic, shortening of life, by, 946 

radioactivity, sodium balance studied with 
Na and external counter for measuring 
(ab), 191 

roentgen irradiation, hematologic recovery of 
adult and weanling rats following, 887 

WI.Ms’ TUMOR, management of, as determined by 

national survey and review of literature 
(ab), 1101 


% 
ae 


VoL. 78, No. 6 


AUTHOR INDEX TO VOLUME 78 


Abbatucci, J., 938 


Abeshouse, Benjamin S., 1101 


Abrams, Hyman *95 
Ackerman, Lauren V., 936 
Albeaux-Fernet, M., 184 
Alpert, Meyer, *66 
Anacker, H., 745 


Anderson, Elizabeth B., 917 


Anderson, F. G., *623 
Andrén, Lars, 174, 175 


Andrews, George Clinton, 737 


Andrews, Gould A., *864 
Aramsri, Bisamai, *54 
Archimbaud, Jean, 930 
Arendt, Julian, 560 
Arias Bellini, M., 176 
Astley, Roy, 552 
Athanasiu, Mircea, 739 


Babaiantz, L., 182 
Backlund, Vidar, 371 
Baker, James P., *226 
Barton, Harry L., *710 
Bataini, J.-P., 736 
Batson, Oscar V., *195 
Battersby, J. Stanley, 740 
Bauer, Donald, *296 
Baylin, G. J., *705 
‘Becker, Josef, 935, 936 
Bednarz, Wallace W., 379 
Benedict, Claus, 936 
Bennett, Hugh D., *710 
Bensaude, A., 1087 
Berg, H. M., 1095 
Berg, R. M., 1095 
Berger, Israel R., *780 
Bergman, Frank, 177 
Bergstrand, I., 183 
Berk, J. Edward, *328 
Berlin, Herbert S., *508 
Berman, Harry L., 935 
Besiv, G. L., 1095 
Besse, Byron E., Jr., 739 
Bilger, F., 177 
Biondetti, Paolo, *213 
Blatt, Nicolas, 739 
Bluth, Irwin, 379 
Bohatirchuk, F., 181 
Bohlig, H., 170 

Bolhuis, Frances, *855 


Bongiovanni, Alfred M., 739 


Bonte, Frederick J., *691 
Bonte, G., 1096 
Bouchillon, C. D., 927 
Boucot, N., 187 
Bowman, J. R., *19 


*=Original Article 


Boyd, David P., 741 

Brady, Boyer M., 170, 926 

Braestrup, Carl B., *988 

Braxton, Maceo, *631 

Bream, Charles A., *343, 563 

Bren, Thomas H., 928 

Brockis, J. G., 743 

Broder, Harold, *502 

Brodeur, Armand E., *226 

Brogdon, Byron G., *74 

Brown, C. H., 560 

Brown, Ben S., 351 

Brown, George H., Jr., *1063 

Brown, Pierpont F., *780 

Brunst, V. V., *518 

Brusori, R., 919 

Bruwer, André J., *270 

Bunnag, Tawan Surawongse, 
*1003 

Burns, Edgar, 928 


Caffey, John, *381, 1098 
Calvi, Nardo, 736, 
Campbell, J. A., 740 
Candardjis, G., 182 

Cantril, Simeon T., *751 
Caramella, Joseph J., 1100 
Carroll, David S., 926 

Case, James T., 1088 
Cattan, R., 1087 

Caviglia Staricco, Enzo, 176 
Cervifio, J. M., 176 
Chabot, J., 184 
Chamberlain, Richard H., *1000 
Chapman, Malcolm, 191 
Chiat, Harold, 561 
Christensen, Wm. R., 746 
Christie, James M., 556 
Christoforidis, Anthimos, *574 
Chu, Florence C. H., 186 
Clark, John W., 749 

Clark, K. C., 1086 

Clayton, Ralph S., Sr., 186 
Clément, Robert, 182 
Cohen, Beverly S., *819 
Cohen, Jerome, 1101 
Cohen, Samuel, 378 

Coll, Eduardo, 190 
Combes-Hamelle, A., 182 
Concannon, Joseph P., *855 
Conn, Howard F., 736 
Cornwell, William S., 179 
Costello, Donald P., 750 
Courtice, Frederick Colin, 918 
Craig, Dwin R., *124 
Crohn, Burrill B., 558 


Culp, D., 192 

Culver, Gordon J., 183 
Cupp, Claude M., 1go 
Currarino, Guido, *392 
Czyzewski, W. J. J., 176 


Dahlin, David C., *1 
Dalicho, Wilhelm Albrecht, 937 
Dassel, Paul M., *333 
Daves, Marvin L., 181 
Davidson, Henry A., 1086 
Davis, Lawrence A., *437 
Davis, Leonard, 742 

de Almeida Prado, A., 380 
de Bufo, Rosa B., 176 
Decker, David G., 746 
Define, Domingo, 929 
Dennis, John M., 171 
Denny, M. B. M., 185 
DePaepe, J.-C., 192 

de Reus, H. D., 562 
Desbaillets, P., 182 
Designolle, M., 182 

de Venanzi, Francisco, 190 
Devens, K., 745 

Diamond, Israel, *437 
Dietz, W., 193 

di Rienzo, S., 378 
Dockerty, Malcolm B., *420 
Dohan, F. C., 187 
Driezen, Samuel, *461 
Dulac, G. L., 1087 
Dunjic, A., 189 

Durant, Thomas M., *224 


Eagleton, Mark D., 187 

Eberl, J., 178 

Ehling, U., 749 

Ehrlich, Margarete, 194, 938 

Ekman, C.-A., 183 

Elkins, H. B., 192 

Ellis, Frank, 191 

Ellis, Kent, *440, *444 

Engle, Robert B., *483, 559 

Englund, Sven Erik, 372 

Ennuyer, A., 736 

Enterline, Philip E., *226 

Epstein, Bernard S., 180, *694, 
*1013 

Ettinger, Alice, 926 

Ettman, Irving K., 927 

Evans, John A., *633 

Evans, William A., *1024 


Failla, G., *946 
Farrell, George E., Jr., *587 


iil 


1116 


Feinberg, S. B., 174, 378, 1093 
Feinblatt, Theodore M., 173 
Ferguson, Charles F., 925 
Ferguson, Edgar A., Jr., 173 
Ficq, A., 192 

Figiel, Leo S., *662 

Figiel, Steven J., *662 
Figley, Melvin, 172 

Finby, Nathaniel, *234 
Fischer, Harry W., 935 
Fischer, Robert M., *653 
Fischgold, H., 169 

Flake, Carlyle G., 925 
Flieder, J., 182 

Flocks, R. H., 192 
Fontaine, R., 177 

Forero, José, 190 

Fossati, Franco, 379 
Fournier, André-M., 930 
Frank, L., 556 

Fraser, Eleanor R., 559 
Friedenfeld, Hans, 174 
Fricke, Robert E., 746 
Frieberg, Sture, 175 
Friedberg, Charles K., 371 
Friedman-Barou, Hannah, 379 
Friedmann, Asa B., 175 
Fullenlove, Tom M., 930 
Fulton, Harold, *486 


Garcia-Caldéron, J., 1087 
Gardner, W. J., 1097 
Garland, L. Henry, *902 
Gaspar, Max R., 174 
Gedda, Luigi, 182 

George, Vane P., Jr., 1100 
Gerardi, Andrés, 190 
Gibson, H. J., 563 
Gilbert, M. C., 743 

Glass, Bentley, *955 
Glauser, Frank, 193 
Gluckman, E. C., *30 
Goin, Lowell S., 745 
Goldberg, M. E., 378 
Goldenberg, Ira S., 926 
Goldin, Ralph R., 1099 
Goldman, Jack A., 558 
Golthamer, Charles R., 745 
Gombert, H.-J., 740 
Goodwin, Willard E., 560 
Gough, J., 376 

Gould, David M., 181 
Grainger, Ronald G., 562 
Greenspan, R. H., 1093 
Griffiths, Trevor, 169 
Grosse-Brockhoff, F., 556 
Guérin, M., 938 
Gundersen, Gunnar A., 172 
Gustafson, P. E., 750 
Guy, Roland, 179 


Author Index to Volume 78 


Haas, Lewis L., 188 
Hadley, Lee A., 1085 
Haggard, Mary E., 932 
Haidak, G. L., 1093 
Halford, H. H., 927 
Hallenbeck, George A., *270 
Handel, Jack, *643 
Hankamp, LaMar J., 740 
Hansbrough, Eugene T., 557 
Harel, J., 938 

Harris, John H., Jr., 193 
Harris, P., 1092 

Hartman, Albert W., 743 
Harvey, Roger A., 188 
Hasley, Clyde K., 732 
Hathaway, E. A., 750 
Hauser, Harry, 349 

Hay, Lyle J., 1100 

Hays, Robert A., 563 
Hellner, Hans, 166 
Henley, Catherine, 750 
Henry, George W., *698 
Herson, Ronald E., 743 
Hilbish, Theodore F., *769 
Hill, C. Rugh, 749 
Hillemand, P., 1087 

Hills, William J., 743 
Hinkel, C. L., *317 
Hinman, Frank, Jr., 1102 
Hodge, K. E., 927 
Hodgson, John R., *420 
Hoffken, W., 557 
Hollingsworth, John C., 558 
Holly, Leland E., II, *1053 
Holmes, Barbara E., 918 
Holmgren, Alf, 371 
Hoover, Walter B., *633 
Hope, John W., 739 
Hoppe, James O., *137 
Hudson, Granville W., 934 
Hughes, C. Robert, *54 
Hughes, H. A., 747 
Humphreys, Charles F., *1061 
Hunt, Arthur B., 746 
Hunziker, Robert J., *134 
Hymans, J., *705 


Iannaccone, Guido, 182 
Ibayashi, Hiroshi, *812 
Isaac, Frank, 928 
Isemein, L., 930 

Isley, J. K., *705 
Ivanoff, John C., 563 


Jacobs, Lewis G., 378 

Jacobson, George, 172, 559, *631 
Jacobson, Harold G., 559 
Jacobson, Lillian E., 194 
Jacqueline, F., 930 

Jenkinson, Edward L., *679 


DECEMBER, 1957 


Jennings, W. A., 1102 
Jennings, W. Alan, 1102 
Jesiotr, M., *492 

Johnson, H. Daintree, 742 
Johnston, David O., 744 
Johnstone, Herbert G., 185 
Jordan, Donn L., 749 
Junghans, R., 557 


Kaiser, Irwin H., 380 
Kakehi, Hirotake, *812 
Kamieth, H., 932 
Karzmark, C. J., *1067 
Katz, Isadore, *653 
Kaufman, S. A., 175, *725 
Kaufman, Seymour A., *685 
Kawashima, E., 1097 
Kaye, Josse, 185 

Keats, Theodore E., *89, 173, 929 
Kendig, Tom A., 174 
Kenealy, John C., *1061 
Kieny, R., 177 

Kim, M., 177 

Kincaid, Owings W., *420 
Kirkpatrick, Rob H., 929 
Kligman, Albert M., 916 
Kloppe, W., 740 

Knauer, Isabelle S., 194 
Kniseley, Ralph M., *864 
Koch, D., 556 


Kohler, Alban, 1088 


Krantz, Simon, *780 
Kraubig, H., 380 
Kreis, Van Allen, 173 
Krokowski, E., 749 
Kyker, Granvil, 917 


Laborde, S., 184 

Laborde, Simone, 552 
Lake, Fredric D., *617 
Lagergren, Curt, 372 
Lambling, A., 1087 
Lampe, Carl E., 184 
Larde-Arthez, C. R., 378 
Larsen, Lawrence L., 1097 
Lasser, Elliott C., *804 
Laughlin, J. S., *961 
Laws, John W., 562 
Ledoux-Lebard, G., 1087 
Lefkovits, Aaron M., 561 
Lentino, Walter, 559 
Léques, B., 1096 

Le Quesne, L. P., 744 
Lester, Jack, 184 

Levene, George, 175, 379, *685, 


927 
Lich, Robert, Jr., 561 
Licht, J., *492 
Lichtenstein, Louis, 931 
Liebner, Edwin J., *283 


| 
t 


VoL. 78, No. 6 


Lillehei, C. W., 1094 

Linden, G., 745 

Lipin, Raymond J., 557 

Lisa, James R., *266 

Lodge, Thomas, 377 

Lodin, Herman, 171 

Loitman, Bernard S., 561, *633 
Loogen, 556 

Lord, Jere W., Jr., *266 
Lorenzo y Losada, H., Jr., 176 
Lowman, Robert M., 742 
Lusted, Lee B., *1049 


Macarini, N., 176 

Mack, Robert E., 191 
Mackay, N. R., 192 
Maddalone, Louis, 747 
Maggiolo, J., 176 

Maisin, J., 189 

Maldague, P., 189 
Maloney, W. H., 1093 
Malsky, Stanley J., 747 
Margulis, Alexander R., *273 
Marinelli, L. D., 750 
Marshak, Richard H., 558 
Martin, James F., *74 
Martin, M. Mencer, 191 
Marvin, James F., 380 
Masnatta, Guillermo, 740 
Matthiesen, Don E., *499 
Mazzei, Egidio S., 740 
McAfee, John G., *213 
McChesney, Evan W., *137 
McClement, Patricia, *946 
McCrea, A. L., 1102 
McGee, Harry H., Jr., 375 
McGeorge, Chauncey K., *599 
McLelland, Robert, *256 
Meaney, Thomas F., 563 
Melchor, Charles F., 188 
Mellors, Robert C., 163 
Mendez-Martinez, José, 190 
Metzger, J., 169 

Meurk, M. L., *961 

Miceli, R., 919 

Miller, Russell F., *599 
Miscall, Laurence, *633 
Mitchell, Joseph S., 918 
Mitchum, William R., 170 
Mody, K. P., 919 

Molina, L. F. R., 1096 
Montagna, William, 749 
Moore, Patrick T., 748 
Moore, Richard D., *86 
Moore, Thomas C., 740 
Morgan, James W., 928 
Moseley, J. E., 1096 
Moseley, Robert D., Jr., *145 
Moss, William T., *850 
Motta, G., 375 


Author Index to Volume 78 


Movius, Herbert J., 928 
Miiller-Mohnssen, H., 933 
Murison, C. A., 747 
Murley, A. H. G., 747 
Murphy, Thomas O., *273 
Murphy, Walter T., 188 
Murray, R. O., 180 

Mussio Fournier, J. C., 176 
Myerscough, Philip R., 748 


Nadelhaft, Jerome, *440, *444, 
*607 

Nagele, E., 934 

Nagle, W. William, 739 

Nakaidzumi, Masanori, *812 

Nakao, Kiku, *812 

Nasio, Juan, 741 

Neiss, A., 375 

Nelson, Gunard A., 746 

Nelson, Sidney W., 556, *574 

Neuhauser, Edward B. D., *19 
*392 

Newman, Stanley, 190 

Nice, Charles M., Jr., 172, *273, 
*831, 937 

Nichols, Pomeroy, Jr., 1099 

Nichols, Russell L.; *145 

Nicol, M., 933 

Nicolai, Charles H., *1061 

Nitter, Lorentz, 179, 186 

Nixon, H. H., 932 

Nixon, W. C., 185 

Nordenstrém, Bjorn, 172 

Norman, Olof, 177 

Nussbaum, Arnold, 557 


Obata, William G., *39 
Ochsner, S., 1095 
O’Connor, Sylvester J., 563 
O’Donoghue, Don H., 931 
Okinaka, Shigeo, *812 
Oldfield, D. G., *876 

Oliva, Luigi, 1085, 1095 
Oliver, R., 191 

Olson, Kenneth L., *719 
Oppenheimer, Morton J., *224 
Ostrum, Herman, *599 
Ottoman, Richard E., 178 
Oughterson, Ashley W., 165 
Owen, Morris, 739 


Papagni, Leonardo, 379 
Paul, Robert E., *224 

Peck, Warner A., Jr., *99 
Pendergrass, Eugene P., 193 
Penick, R. M., Jr., 1095 
Pereira Suarte, R. O., 378 
Perlberg, Harry J., 378 
Perret, George, 1098 
Peterhoff, Rome, 175 


1117 


Phillips, Ralph, *109 
Piazzi, M., 375 

Pillsbury, Donald M., 916 
Pirson, Herbert S., 183 
Pollack, Robert, 191 
Pontius, John R., 378 
Poppe, Hanno, 166 
Poppel, Maxwell H., 559, *508 
Poser, Charles M., 565 
Posner, A. Charles, 558 
Poujol, J., 182 

Powers, William E., 375 
Praver, Louis L., *73 
Provet, Heino, *266 
Pugh, David G., *1 
Pullman, I., *961 


Quéneau, Pierre, 930 
Quimby, Edith H., *819, *944 


Radke, H., 934 

Ramsey, George H., 179 
Ranger, I., 744 

Raventos, A., 187 

Ray, Edward H., Jr., 928 
Raymond, Odilon, 179 
Read, R. C., 1094 

Reeves, R. J., *705 

Reid, Cyprian B., 747 
Renfer, H. R., 187 

Renner, Robert R., *86 
Reyersbach, Gertrud C., *392 
Richards, A. G., 1091 
Richir, C., 182 

Riebel, Frank A., *73 

Riley, Conrad M., 929 
Riemenschneider, P. A., 1091 
Ritvo, Max, *587 

Rivier, J.-L., 182 

Rivkin, L. M., 1094 
Rivolta, Giancarlo, 736 
Roche, Marcel, 190 

Rodko, E. A., 180 
Roggenkamp, Milton W., 740 
Rose, E., 187 

Rosenbaum, Harold D., *681 
Rosenblum, David, 557 
Rosenkrantz, J. A., *30 
Roswit, Bernard, 747 

Roth, Merall, *790 

Rotthoff, G., 556 

Rougeulle, J., 184 

Rowe, Caroline W., 932 
Rubin, Philip, 739 

Ruffin, J. M., *705 

Rugh, Roberts, *887 

Ruheri, Perez-Tamayo, 926 
Ryan, Bernard K., 184 


Sabucedo, R. M., 1096 
Safrin, Leopold, *328 


ii 
/ 


1118 


Salembier, Y., 1096 

Salinger, Hans, 379 

Salzman, Ferdinand A., 744 

Samson, J., 179 

Samson, Roger, 179 

Santagati, Francesco, 736 

Santos, Carlos, 927 

Sarif, S. J., 185 

Saunders, A. P., *705 

Scadding, J. G., 375 

Schaede, A., 1094 

Scheff, Saul, 379, 927 

Schinz, H. R., 937 

Schirren, Carl Georg, 935 

Schlungbaum, W., 1097 

Schmidt, J., 565 

Schobinger, Robert, 1100 

Schoen, Detlev, 1085 

Schoen, Herbert, 1085 

Schultze, Gunter, 181 

Schwartz, Leonard H., 172 

Schwartz, Solomon, 557, *607, 
*643 

Scott, Wendell G., 151, 728, *939 

Seaman, William B., 187, 375, 936 

Secrest, Pettus G., 174 

Sengpiel, Gene W., *289 

Servelle, M., 184 

Shackford, B. C., 174 

Shauffer, Irving A., *587 

Sheline, Glenn E., 1102 

Shelley, Walter B., 916 

Sherlock, Sheila, 565 

Sherman, R. S., *961 

Sherman, Robert S., 178 

Shiers, J. A., *19 

Shingleton, W. A., *705 

Silver, Maurice L., 1099 

Silverman, Frederic N., *451, 
1101 

Simmonds, Henry T., Jr., *1020 

Simon, J., 169 

Simpson, Ellen, 173 

Singleton, Edward B., 1098 

Sjéstedt, Sven, 177 

Sklaroff, David M., 190 

Sloan, Herbert, 172 

Smith, Cyril L., 918 

Smith, George W., 1099 

Smullen, Willard C., 164 

Smyth, Ivor P., 745 

Snodgrasse, Richard M., *461 

Snow, Walter T., *323 

Snow, William, 558 

Sobel, Edna H., *392 


Author Index to Volume 78 


Soong, Kenneth Y., 178 
Soteropoulos, C., 1097 
Soule, A. Bradley, Jr., *134 
Spies, Tom D., *461 
Spinetti-Berti, Mario, 190 
Sprunt, William H., III, 563 
Stabert, Ch., 933 

Stagnara, Pierre, 930 
Stansfeld, Alfred, 742 
Stanton, Leonard, 193 

St. Aubin, Paul M., *864 
Stauffer, Herbert M., *224 
Stein, Joseph, *508 
Steinbach, Howard L., *39, 185 
Steinberg, Israel, 184, *234, *1007 
Steiner, R. E., 565 
Stevenson, Clyde A., *13 

St. John, Elmer G., *124 
Stoll, Basil A., 564, 748 
Stoll, Henry C., 1100 

Stone, Robert S., *993 
Strittmatter, W. C., 560 
Sugimura, Takashi, *812 
Sumcad, Bernard, *1053 
Siisse, H. J., 934 

Sussman, Marcy L., 172 
Swoboda, W., 553 


Tacher, J., 933 

Taveras, Juan M., 565 
Taylor, Lauriston S., *983 
Temkin, Eugene, 928 
Teplick, J. George, *328, *502 
Tetewsky, Hyman, *804 
Theander, Georg, 174 
Thomas, John R., 179 
Thompson, M. M., Jr., *46 
Thoms, Herbert, 736 

Thurn, P., 1094 

Todd, E. M., 1097 

Tori, G., 919 

Tretbar, H. A., 560 

Tubiana, M., 938 

Tucker, Arthur S., *54 
Tuddenham, William J., *116, 193 
Turnbull, Andrew, *567 
Turner, M. D., 565 


Updegrave, W. J., 1091 
Udvarhelyi, G. B., 1092 


Vallebona, Alessandro, 1085 
Van Epps, Eugene F., *471 
van den Brenk, H. A. S., *837 
v. d. Decken, 936 


DeECEMBER, 1957 


Varco, R. L., 1094 

Vera, Jorge, 190 

Vieten, H., 556 

Viglioglia, Pablo Alberto, 1ogg 
Villar, Thome George, 925 
Virden, C. Edgar, 1073 

Vogel, Howard H., Jr., 749 
Vollmar, K., 932 

Voluter, G., 171, 1093 

von Saal, Hermann, 937 


Waldbott, G. L., 1100 
Waldmann, Hans K., *567 
Walker, Geoffrey, 191 
Walter, Robert C., 560 
Warner, Robert S., 746 
Warren, Shields, 165 
Warshaw, S. D., *876 
Warter, P., 177 

Wassner, U. J., 925 

Watson, A. Ralph, *13 
Webb-Peploe, Hamilton, *461 
Weber, Harry M., *906 
Weiner, Marvin E., *679 
Weissman, Irving, 556 
Weitzel, Giinter, 935, 936 
Wells, Herschel J., 191 
Wigby, Palmer E., 179 
Wildmann, Bernard P., *599 


Williams, A. Justin, 930 


Williams, D. Innes, 932 
Willis, Robert, *1024 
Willmann, K. H., 556 
Wise, Burton L., 1100 
Wise, Robert E., 744 
Wolff, Joan, *887 
Woodruff, John H., Jr., 178 
Woodward, Helen Q., *109 
Woolley, Paul V., Jr., 547 
Woolridge, Bart F., 741 
Worden, James P., 556 
Wright, Hobart, 1097 
Wyman, Stanley M., *247 


Yarnis, Harry, 558 
Yoftey, Joseph Mendel, 918 
Young, Barton R., *581 


Zaftagnini, E., 919 
Zeitel, Bertram E., 559 
Zgoda, Adam, 560 
Zimmer, E. A., 1088 
Zuppinger, A., 187, 556 
Zurcher, W., 1093 
Zylka, W., 557 


4 
ae 
| 
| 
| 


DOBS NOT CIRCULATE | OF MI i 


Deu 1997 


FOUNDED IN 1906 AS THE AMERICAN QUARTERLY OF ROENTGENOLOGY "1 


THE AMERICAN JOURNAL OF 


ROENTGENOLOGY 
RADIUM THERAPY 


AND 
NUCLEAR MEDICINE 


OFFICIAL ORGAN OF 
THE AMERICAN ROENTGEN RAY SOCIETY 
THE AMERICAN RADIUM SOCIETY 


LAWRENCE REYNOLDS, Editor 


ASSOCIATE EDITORS 
HARRY HAUSER ‘TRAIAN LEUCUTIA RUSSELL H. MORGAN 
EDWARD B. D..NEUHAUSER WENDELL G. SCOTT 


CONSULTING EDITORIAL BOARD 


PAUL C. AEBERSOLD | PAUL C. HODGES U. V. PORTMANN 


OSCAR V. BATSON HOWARD B. HUNT MERRILL C. SOSMAN 
JOHN CAFFEY JOHN H. LAWRENCE LAURISTON S. TAYLOR 
JAMES T. CASE REED M. NESBIT OWEN H. WANGENSTEEN 
ROSS GOLDEN EUGENE P. PENDERGRASS SHIELDS WARREN 


Issued Monthly for the American Roentgen Ray Society by 
CHARLES C THOMAS - PUBLISHER - SPRINGFIELD - ILLINOIS 


VOLUME 78 DECEMBER, 1957 NUMBER 6 


INDEX NUMBER 


M AL | 
LIBRARY, 
= 


Comfort 
for your patients 


...an important factor when producing 
superb diagnostic films 


WELL TOLERATED “Particularly notable in our series of 
1500 cases with miokon, was the low incidence of minor 
side reactions such as nausea and arm pain.” 


QUALITY PYELOGRAMS “... diagnostic pyelograms 
were obtained in over 96% of the cases, 

a percentage higher than previously 
recorded with any contrast medium 

in this hospital.” 


Miokon Sodium 
Brond of 
Sodium Diprotrizoate 


1. Nicolai, C. H.: MIOKON, A New Intravenous 
Urographic Medium, J. Urol., 
75:759 (April 1956). 
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~choose contrast media for 

BRAIND OF SODIUM ACEIRIZOA wee co itrations: fo, 50%, 70%) 


with the Fairchild- Odelca gamers 


The Fairchild-Odelca photofluorographic camera 
faithfully reproduces the finest details from the 
fluorescent screen. Its high resolution provides a 
sharp negative of diagnostic quality which easily 
fulfills the Chantrain condition. (That is, the lines 
of a grid of at least 21 elements per centimeter are 
clearly distinguishable in the Fairchild-Odelca 
picture. ) 

Furthermore, the Bouwers Concentric Mirror 
Optical System, standard equipment on all 
Fairchild-Odelca cameras, actually reduces patient 
exposure to radiation by 70-80%. Its speed (f 0.65) 
is four times that of any present refractive-lens 
camera. The camera’s speed also stops much volun- 
tary and involuntary motion, virtually eliminating 
retakes. 

' Fairchild-Odelca cameras are now available in 
these three standard models — 


A.The 4” x 4” Ultra Speed Camera 

B. The 70 mm. Super Speed Camera 

C. The 70 mm. Skull Camera 
All of these cameras provide exceptional economy 
through low film cost and minimum storage space. 
All are easy to operate, and can be equipped with 
cassettes capable of taking single exposures, or 
up to 40 exposures in a single series, at a rate up to 
six (6) exposures per second. 

For more details, contact your X-ray equipment 
dealer, or write to: Fairchild Camera and Instru- 
ment Corporation, Industrial Camera Division, 
5 Aerial Way, Syosset, New York, Dept. 160-51V2. 


¥-RAY CAMERAS AND ACCESSORIES 


thorax radiography »b fonchograpny 
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ANNOUNCING 
NEW 


'2 established the superiority of X-PREP; demon- 


Clinical investigations 
strating its more thorough colonic clearance and clearer visual field; 
demonstrating its higher patient acceptance over castor oil because of its 
extraordinary palatability; and demonstrating a significantly lower inci- 


dence of griping than castor oil. 


NEW IMPROVED 


BRAND OF ANTHRAQUINOIDAL GLYCOSIDES 


The clinical investigations which established the superior effectiveness and 
palatability of x-PREP now make it possible to introduce a superiority-plus 
preparation, New Improved X-PREP, which reduces griping still further. 


If you have not yet received your professional samples of New Improved 
X-PREP, write to the medical director, Gray Pharmaceutical Company. See 
for yourself the superiority-plus of New Improved X-PREP. 


1. Kaufman, S, A.: Am. J. Roentgenol. 78:725 (Oct.) 1957 
2. Birnkrant, M.: Scientific Exhibit, A. M. A., Chicago, June, 1956 
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Here’s how the Picker Darkroom Timer looks in its natural - 
habitat . . . full size, full face. The engraved yellow numerals 
stand out clearly in the dim safelight glow: you don’t have 
to peer or squint to make them out. 


other stand-out features... 

the engraved guide that tells you how to correct time for warmer 
or cooler solutions (range from 62° to 74°) 

the big finger-fitting pointer whose muscular leverage makes one- 
hand setting so easy 

the chunky weight that keeps the timer from “walking” off or tipping 
the handsome shipshape appearance of its soft-sheen stainless steel 
dial, its no-glare dark green finish. 


Sounds as though a lot of care and thought had gone into the 
design, doesn’t it? Fact is, a lot did .. . and that’s true of every 
accessory in the broad Picker line. We don’t treat them absent- 
mindedly around here: we care earnestly about accessories. 
Always have, always will. 


PICKER X-RAY CORPORATION 


Customers tell us that this attitude of caring makes Picker a 95 seum sroodwoy, White Plains, N. ¥. 


fine source for the gamut of x-ray supplies . . . films, solutions, 
accessories, and suchlike. 


the name to look to in matters radiological is fitker 4 
x-ray 
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Sharper, clearer than ever before! 


PIGMENTED VILLONODULAR 
SYNOVITIS 


Photograph of a portion of the 
resected synovium with attached 


Lateral radiograph of knee 

area in a case of pigmented villo- 
nodular synovitis in a man of 53 years. 
Note the lobulated soft-tissue masses posteriorly and the effects of 
invasion of the patella and the femoral condyles by lesional tissue. 


Photomicrograph (x25) of a tissue area 
in a villonodular synovitis in which 
proliferated villi are matted together. 


Choose the Kodak projector that shows your slides best 


Kodaslide Signet 500 
Projector—for long 
throws. Big pictures, 


Kodak 300 Projector—for compact convenience. 
Only 5 inches high by 11 inches square. Fills 
40-inch screen at 10 


feet. Automatic or 
single-slide changer. 
Prices, $64.50 and up. 


brilliant detail. Choice 
of 3 lenses. Automatic 
or single-slide changer. 
Simple to operate... 
cool, quiet. Many out- 
standing mechanical 
features. Prices, $77.50 
and up. 


Prices are list, include Federal 
Tax where applicable, and are 
subject to change without notice. 


For further details, see your 
Kodak photographic dealer or write: 


EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N.Y. 
Serving medical progress through Photography and Radiography. 
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Easier because exclusive counterbalancing system reduces 

physical effort during all fluoroscopic screening. 
Finger-tip controls are so conveniently grouped that opera- 
ting them quickly becomes ‘‘second nature’’, letting you 
concentrate on the fluoroscopic image under study. 


duces 
ning. 
)pera- 
you 


Here’s how your 
x-ray examinations 
can be made 


easier 
better 
faster 


With its progressive design, the 
General Electric IMPERIAL com- 
bines every facility to let you make 
the most of your diagnostic skill. 
Whatever the procedure — fluoro- 
scopic or radiographic — you'll find 
every day far more productive, far 
less fatiguing. 

There’s much more to the Imperial 
story, including the long-range econ- 
omy and security of purchase that 
only General Electric provides. Call 
your G-E representative before you 
make your next x-ray apparatus in- 
vestment, or write X-Ray Department, 
General Electric Company, Milwau- 
kee 1, Wisconsin, for Pub. A-121. 


Bette because exclusive G-E sealed phototimer assures constant 
r spot-film density regardless of variation in room light- 
ing, patient thickness or size of spot-film exposure area. 


Faster for radiography, too. Decubitus, hospital-cart, cross-table 
technics are facilitated by generous tube coverage and 
ease of positioning. You'll handle more patients per day. 


Progress /s Our Most Important Product 


GENERAL ELECTRIC 
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Capacity 
for 


TOMORROW'S 
X-RAY 
TECHNIQUES 


is built into 


TODAY’S 
KELEKET 
GENERATORS 


Through a simple, low-cost timer change, you can 
upgrade a 200 MA Keleket Multicron Generator to 
a 300 MA or 500 MA unit... all at 125 KV. 


Unitized construction of Keleket generators around 
one standard transformer and control keeps your 
initial investment low . . . prevents obsolescence 
for years. 


| Keleket’s complete family of time-tested radio- 
es graphic generators includes 200 MA to 500 MA 
Z units in both vertical and pedestal models. 


Write for literature, specifying your rating require- 
ments and model preference. 


1601 Trapelo Road, Waltham 54, Massachusetts 
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in nuclear § from wuc/ea,s - chicago 


spectrometry 


All-new Model 132 gamma-ray analyzer computer 


Here is your new automatic gamma-ray counting 
system in one compact, versatile unit. Nuclear-Chicago 
Model 132 Analyzer Computer combines a precision 
pulse-height analyzer, a reliable binary scaler, extremely 
stable high voltage supply and a push-button com- 
puting circuit for use with all gamma-sensitive scintil- 
lation detectors. 

Pulse height analyzer section of the 132 features 
non-overloading linear amplifier, base level discrimi- 
nator adjustable to 100 volts with 10-turn potenti- 
ometer, “window” control variable from 0 to 10 volts. 
High voltage may be varied from 500 to 1500 volts, 
will remain stable to 0.05% for periods of 24 hours. 
Scaler section of instruments has 2 microsecond scale 
of 512, electrically reset register and timer, automatic 
preset time and preset count circuits. 

For full particulars on Model 132 Analyzer Com- 
puter and over 60 other new precision instruments for 
radiation measurement, more than 200 radiochemical 
compounds and nucleonic services of every nature. . . 
please write for new catalogs and price lists. 


gives you automatic single-unit counting 


cision single channel pulse height analyzer, 
binary scaler, regulated high voltage supply, 
and automatic circuitry in @ single chassis. 


Model 132 Analyzer Computer is used here 
with Nuclear-Chicago DS5-5 Well Scintilia- 
tion Counter. Well counter background is 
reduced from more than 300 cpm to 30 cpm 
_ when Model 132 is set on gomma photopeak. 


OUTSTANDING FEATURES OF THE NEW 
MODEL 132 ANALYZER COMPUTER 


a single compact counting system for use with all gamma- 
sensitive probe or well-type scintillation counters. 

selective pulse-height analyzer ‘tunes in” desired gamma- 
ray energy, eliminates background and scattered radiation 
from measurement. 

scaler provides wide choice of scaling factors with automatic 
built-in preset count and preset time circuits. Any preset time 
period from 0.01 minute to 99.99 minutes may be selected with 
a repeat accuracy of 0.04 seconds. Preset count circuit permits 
selection of 8 different counts from 400 to 51,200. 

completely automatic push-button operation with high-speed elec- 
trical reset, automatic "percentage reading" for ratio measurements. 


nuclear - chicago 


257 WEST ERIE STREET * CHICAGO 10, ILLINOIS 


7. 
e 
e 
® 


132 Nassau Street 


Xil 


DOSIMETERS 
fom MEILLON 


*BOMKE* INSTANTANEOUS DOSIMETER, for RADIUM, ISOTOPES & 


X-RAYS. The *BOMKE* Dosimeter is UNIQUE for its great 
VERSATILITY, SENSITIVENESS, and ACCURACY. A number of 
ionization Chambers are available allowing extensive adaptation 
to all measuring problems. Some Chambers are highly flexible, 
airtight and waterproof, VERY SMALL, permitting INTRA- 
CAVITY measuring in the Bladder, rectum, etc.—* When utiliz- 
ing RADIUM, specially in Gynecology, the *BOMKE* is an 
indispensable instrument for checking the dose rate inside the 
Bladder and Rectum, etc., at every insertion. 


The *SIMPLEX-UNIVERSAL DOSIMETER is an INTEGRATING Dosimeter, noted for 


its accuracy, simplicity and ruggedness, performing prac- 
tically every operation with X-RAYS of ANY HARDNESS, 
including INTRA-CAVITY measurements in the Esophagus, 
etc.—Can also be supplied with a special Counter (illus- 
trated) for the AUTOMATIC CUT-OFF of the X-ray ma- 
chine after a PRE-SET dosage has been delivered.—This 
is the LOWEST PRICED Dosimeter and it is particularly 
adapted to fill the requirements of smaller Hospitals or 
Clinics, or as a very useful additional Dosimeter. 


*DUPLEX II* (Printing Dosimeter of Dose and treatment time in X-ray Therapy for 


tabulating record)—Simultaneous indication of Dose and Dose-rate. 
—AUTOMATIC CUT-OFF of the X-rays after a PRE-SET dosage has 
been delivered.—A number of chambers are available, including Flexi- 
ble Chambers for INTRA-CAVITY measurements. 


IMPORTANT HOSPITALS which have the ‘‘BOMKE”’ Dosimeter in the U.S.A. are: 


PRESBYTERIAN HOSPITAL (Columbia University Med. Center), New York, N.Y. 
RADIOLOGICAL RESEARCH LABORATORY (Columbia Univ. Med. Center), New York, N.Y. 
UNIVERSITY OF CALIFORNIA MEDICAL CENTER, San Francisco, Calif. 

M. D. ANDERSON HOSPITAL & TUMOR INST. (Univ. of Tex. Med. Center), Houston, Tex. 
JOHNS HOPKINS HOSPITAL, Baltimore, Md. 

ST. LUKE'S HOSPITAL, New York, N.Y. : 

JEFFERSON-HILLMAN HOSPITAL (University of Alabama Med. Center), Birmingham, Ala. 
UNIVERSITY OF ARKANSAS (New) MEDICAL CENTER, Little Rock, Ark. 

NATIONAL INSTITUTES OF HEALTH (U. S. Public Health Service), Bethesda, Md. 
HENRY FORD HOSPITAL, Detroit, Mich. 

WASHINGTON COUNTY HOSPITAL, Hagerstown, Md. 

FRANCIS DELAFIELD HOSPITAL, New York, N.Y. 

BAYLOR UNIVERSITY HOSPITAL, Dallas, Tex. 

SYRACUSE MEMORIAL HOSPITAL (State Univ. of New York Med. Center), Syracuse, N.Y. 
UNIVERSITY OF MINNESOTA HOSPITAL, Minneapolis, Minn. . . . and many others 


WRITE OR WIRE 


GEORGE T. MEILLON, Inc. 


SOLE DISTRIBUTORS IN U.S.A. 
New York 38, N.Y. 
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a compact, versatile, easy to operate unit 
available in capacities of 100 or 150 PKV 


As comfortable and as flexible as an examining table. 
Quickly adjustable for all conventional techniques of 
superficial and intermediate X-ray therapy. The trans- 
former and self contained cooler are all contained within 
the table base. The compact control unit is designed for 
wall mounting. The only unit of its kind, so compact and 
with such a wide range of capacity and extreme accuracy. 


X-RAY COMPANY 


write for fully 
descriptive folder 


1932 no. burling st. 
chicagol4, illinois 
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A ctiwe ‘tracers’ 


Several hundred isotopically labelled compounds are now produced regularly at 
Amersham. They include an unrivalled range of materials needed for tracer work in 
biology, pharmacology, medical diagnosis and therapy, and in many technical applications 
of chemical products—pesticides, weedkillers, hormones, and the like. , 

Most of these substances can be supplied from stock—or in the case of short-lived 
isotopes, at reasonable notice—and their specific activity and chemical purity are generally 
the highest available today. 


Some examples from our current production are: 


Compounds of Dapsone-S3 5 
Pharmacological Thiosemicarbazide-S35 
Interest: Sulphobromophthalein-S 3 5 
Dimercaprol (B.A.L.)-S35 
6-n-Propylthiouracil-S3 5 
Tetraethyl pyrophosphate-P32 
Di-iodofluorescein-I13 1 
Rose Bengal-I131 
Diodone-I131 
Human serum albumin-I131 
Sodium aurothiomalate-Au1g8 
n-Amylmercuric chloride-Hg203 


Rubber Thiocarbanilide-S3 5 

additives: Potassium dimethyldithiocarbamate-S3 5 
Tetraethylthiuram disulphide-S3 5 
2-Mercaptobenzthiazole-S3 5 
Benzthiazyl disulphide-S3 5 


Write for further information to :— 


AMERSHAM + BUCKINGHAMSHIRE + ENGLAND 


TAS/RC.22 
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difficult 


Clear, well defined retrograde pyelograms == 

with Skiodan will help solve the problem a 

of localizing a questionable mass. Skiodan > gy 

may be employed for bilateral as well as | 

unilateral pyelography, and is available in 
forms convenient for office and hospital use. 


Hypernephroma at operation) 
Zones of hemorrhage and necrosis 


Compressing pelvis medially. Devia- 
sl tion of upper and lower calyces. 


with Skiodan 
‘ompression | 


showing. 
pelvis. 
g A (} f) A N Solution 40% (50 cc. and 100 cc.) 
Solution 20% (50 cc.) 
(1 d 500s 
SODIUM Tablets of 1 Gm. (100s an ) 


LABORATORIES 
Skiodan, trademark reg. U. S, Par. Off., brand of methiodal NEW YORK 18, N.Y. « WINDSOR, ONT. 


—- ——-—- 
Retrograde 


ANGIOCARDIOG 
with 
Remote Controlled High Pressure 


INJECTION SYRINGE 


(Gidlund System) 


VARIABLE INJECHON: SPEED 
REMOTE CONTROL GE EXPOSURE 


DISTRIBUTORS FOR THE UNITED STATES 


CHICK X-RAY CO., Inc. 


205 WEST WACKER DRIVE * CHICAGO 6, ILLINOIS 
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ENLARGED 
HEART? 


OR POOR 
RESPIRATORY 
EFFORT ? 


CHOOSE ANSCO TO KNOW 


HISTORY: A 12-month-old female admitted to hospital with history 
of growth failure without evidence of a dietary 
deficiency. Chest film suggested an enlarged heart and a 
marked deviation of the trachea. 


DOCTOR: Would another film aid in your diagnosis? 
Please turn the page. 


: 
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SEE INTERESTING PROBLEM OF DIAGNOSIS ON REVERSE 
SIDE OF PAGE BEFORE READING ANSWER BELOW 


Use Ansco High-Speed X-Ray Films: which 
permit short exposures to minimize the voluntary or 
involuntary movement of organs and patient. Wide latitude 
which makes detail easier to read in critical areas (hilar 
shadows, retrocardiac region, spine, etc.). 


ANSWER 


Poor respiratory effort. First film 
taken in erect position and exposed 


Use Ansco Non-Screen X-Ray Films: for during expiration. Additional film 
extremity studies. Correct contrast clearly delineates bones was obtained in supine position and 
and soft tissues. was exposed at full inspiration. 


Heart is normal in size. 
Ansco Chemicals save work 


Liquadol Developer works faster, lasts longer, than 
powder. 


Liquadol Replenisher doubles the life of Liquadol Ansco 
Developer. BINGHAMTON, NEW YORK 


Liquafix (liquid) provides positive fixing-hardening action. A Division of General Aniline & Film Corp. 


Powdered X-Ray Fixer does not stain — has high From Research to Reality 
capacity. 
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The X-ray film 


you can count on 


FORD 


RD 


for consistent 
high quality 
in every box 


Radiologists and X-ray technicians 
everywhere know the virtues of Ilford 
Red Seal X-ray Film. They appreciate 
its high speed that cuts down radia- 
tion dosage, prolongs tube life, and 
offsets any involuntary movement of 
the patient. 

Yet even more they rely, day after 
X-RAY FIL 


day, on the highest standards of con- 
sistency in this famous film, which nes: 


gives unrivalled definition and a wide 81Oins 20°3:254¢ 
gradation range to help simplify the * 
hardest diagnosis. Try a box of Ilford 
Red Seal, and see for yourself! 


Available in all standard sizes from your regular supplier. 
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The Victoreen Radocon enables the 
roentgenologist, radiologist or physicist 
to control rate and dose reliably .. . 
accurately . . . continuously— and com- 
pletely automatically, There’s no trial 
calculation, no error... no taking read- 
ings and recharging. 


Pre-established dose is set on counter 
dials and intensity range selected. 
Ionization probe is placed in beam 
and X-ray machine switched on. Signal 


NIGENS 


Interchangeable probes offer 


total dose measurements from 
1.6 mr fo 499,500 1; delivery 
rates from 0.018 to 50,000 r/min. - 


lights on panel indicate progress of dose. 
Upon completion, a buzzer sounds and 
a relay activates a mechanism to block 
the beam — automatically. 


No matter what standards of com- 
parison you use — reliability, accuracy, 
flexibility — think of Victoreen first. 
That’s Victoreen, the name that auto- 
matically means radiation measurement 
. «and protection. 

AA-5226 


The actoreen Instrument Company 
Instruments Division * 5806 Hough Avenue, Cleveland 3, Ohio 


MA 
It’s just part of the Victoreen s / 
- 
tt 
the full story on the 
 Radocon. A request on 
your professional letter- 
head will bring your copy 
of Form 3043. 4 
SOLD 


This U.S. Steel advertisement appears in the following publications: 


MACHINE DESIGN e¢ DESIGN NEWS e IRON AGE e PURCHASING NEWS 
STEEL @ MATERIALS IN DESIGN ENGINEERING e PRODUCT ENGINEERING 
PURCHASING e MECHANICAL ENGINEERING e ELECTRICAL MANUFACTURING 


NOTHING can equal 
Stainless Steel 


in its unique combination of properties 


No other design material can match Stainless Steel in its 
combination of desirable properties: corrosion resistance. 
strength, hardness, beauty, cleanability and easy fabrication. 
For a reliable source of supply, United States Stee! offers 
you the widest range of types. finishes arid sizes. Just call 
your steel warehouse. 


For Cleanliness. When you work near nucigar/radjation areas, you wear a 
small badge containing X-ray film that records’ how much radiation you 


have received. The film, “photodosimetric filet,” is developed in a Sensito- 


metric Processing Unit made by Bar-Ray Products, Inc., in Brooklyn. The 
unit, including the trays shown here, is made completely from 18-gage Type 
316 Stainless Steel because it resists corrosion, is easy to clean, has a 


hard, dense surface that doesn’t harbor dirt. 


USS STAINLESS STEEL 


eerTs sTRIP PLATES BARS BILLETS PIPE veeESsS € SPECIAL SEC 
sn T T wir TION 


SOLD THROUGH YOUR DEALER 


YOU'RE IN GOOD 
COMPANY WITH 


RADIATION PROTECTION 
From a Jead headed nail to a 
laboratory 


INDUSTRIAL INSPECTION 
CABINETS 


Frém a small table model fluor- 
scopic cabinet to a 300 KV unit, 
weighing 20,000 Ibs. 


COBALT® IRRADIATORS 


In all capacities from 250 to 5,000 
Curies 


COBALT RADIOISOTOPE 
EQUIPMENT 


From a stainless steel fume hood 
or storage room to an isotope 
conveyor system or complete 
laboratory 


LEAD CASTINGS 


From a control frame for obser- 
vation through a concrete wall to 
x-ray targets or cones weighing 
a ton or more 


ARCHER LEAD GLASS 
FABRIC 

For protection from x-radiation 
or beta radiation of atomic fission 


products. Made in gowns, aprons, 
small shields, yard goods, etc. 


TEMPERATURE CONTROL 
SYSTEMS 

For film processing systems, or 
for the automatic maintenance of 


close temperature of any type of 
solution 


Just a few of those we serve: 
Pratt & Whitney @ Fairchild Camera 
Sperry Gyroscope @ Watertown Arsenal 
Western Electric @ Babcock & Wilcox 
Savannah River Project @ 1.8.M. 
Allison Div.—G.M.C. @ Eastman Kodak 
Ford Motor Corp. @ Bell Laboratories 
Lexington Signal Depot @ Budd Mfg. 
Esso Research @ Phillips Petroleum 
Thiokol Chemical @ Vitro Corp. 


SEND FOR OUR LATEST CATALOG 


You are cordially invited to visit our plant and tour its facilities 


BAR-RAY PRODUCTS, INC. 


209-25th Street, Brooklyn 32, N.Y. Telephone: SOuth 8-1020 


Evropean Representative: Mr. C. E. Ferrero, Via G Tomassetti 8, Rome, Italy 


BARR) 
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FOR PROTECTION AND BEAUTY 


Wolf Floor Screens offer more pro- 
tection... plus enduring good looks. 
Wood, lead, steel and large lead glass 
window are efficiently, handsomely 
combined for optimum performance. 

Wolf’s Standard Floor Screen is 
ideal where economy counts. Cast 


aluminum legs are painted to match 
the body of the screen. 

On Wolf’s DeLuxe Floor Screen, 
four chrome-plated tubular legs run 
almost the entire length of the screen, 
add to the rigidity and maneuverabil- 
ity, act as handles for easy mobility. 


DISTRIBUTED THROUGH RELIABLE DEALERS EVERYWHERE. 


WOLF X-RAY PRODUCTS, INC. 
93 Underhill Avenue-Brooklyn 38, New York 
BRANCH OFFICE: 1909 West Ninth Street+Los Angeles, California 


No. 185 No.186 
4 
, 
J 
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FOR COBALT GO TELETHERAPY 


THERATRON 


FOR 


THE FIRST 
TELETHERAPY UNIT... 


to utilize fully the natural 
advantages of radioiso- 
tope sources in applica- 

tion to moving beam 
techniques. 


The THERATRON provides unequalled facilities for 
rapid, simple and accurate patient positioning, beam locali- 
zation and treatment with maximum comfort and opera- 
tional safety. The flexibility provided by variable speed, 
dual plane source motion is enhanced by the fully adjust- 
able motor-driven treatment couch. In addition, the design 
permits a variance of source to aperture distances provid- 
ing optimum conditions of collimation and penumbra 
control in both fixed and moving beam treatments. 


Oscillation through 42° 
at right angles to plane 
of rotation combined 
with complete or 
limited arc rotation 
affords a wide choice 
of moving source 
treatment patterns. 


In addition to continuous rotation in 
either direction, beam motion over 
any desired arc may be selected, auto- 


Cas 
3600 360° 
as preselected limits of arc are reached. 


matic reversal of motion being effected 


For full technical and installation details on the THERATRON, 
and information on other teletherapy units, Cobalt 60 sources and 
consulting services provided by A.E.C.L., please write to Dept. E. 


ATOMIC ENERGY OF CANADA LIMITED 


P.O. Box 93 - Ottawa, Canada 


ROTATIONAL, 
MULTIPORTAL 
or FIXED BEAM 
THERAPY 


422 


COMMERCIAL 
PRODUCTS 
DIVISION 
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for a more exact 
analysis... use 


GEVAERT 


X-RAY FILM 


There is never room for doubt when you 
use dependable GEVAERT X-ray film. Its 
consistently fine quality is evidenced by 
its growing use among the world’s leading 


radiologists. To assure you the lucid clear-. 
ness and accurate contrasts so vital to a 
correct analysis, every GEVAERT film is 
é tested, checked and re-checked before it 
X-RAY FILM 

O} reaches you. We'll be glad to send you 


test samples. Write for them today. 


OTHER OFFICES: 9109 SOVEREIGN ROW. DALLAS 19, TEXAS ° 725 N. HIGHLAND AVE., LOS ANGELES 38, CALIF. ° NATIONWIDE WAREHOUSING 
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PLASTIC, DISPOSABLE, 
SANITARY ENEMA 


indlividualll 
Made of non- and ready for i im- 


toxic polyethylene 
plastic and dispos- a ne use 

_ able. Prevents possible a 

cross-infection of pa- With 
tient. 
Only enema tip function- terned head to assure 
ally patterned to assure retention and elim-. 
retention and eliminate 
leakage. inate leakage o 


Especially useful with middle 

aged or elderly patients in whom 
muscle tone is sluggish. 

Used once and discarded, CLY-TIP 
saves attendant’s time formerly re- 
quired for sterilizing and cleaning. 
That's why it’s the growing favorite in 
hospital and office. 

In boxes of 100, individually packaged 
in transparent polyethylene, ready for 
immediate use. 


Gently sloping 
design of head 
permits easy 
insertion. 

Write for Free Sample and further details 


ACTUAL 
SIZE 


Pat. 


assures itive retention 
and easy whhiarewel, ermits sphincter 
muscle to grip onto ae y and practically 
eliminates extra effort of patient or oper- 
ator to keep tube in place during adminis- 
tration. 


BELL-CRAIG, INC. 


270 Lafayette Street, New York 12 


| 
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USED X-RAY FILM 


@ We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


@ We remit in advance if desired, or promptly after receipt 
and tally of the value. 


® Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, 


53 W. Jackson Blvd., Chicago 4, Ill. 


SMIT-ROENTGEN 110° 


110 lines per inch Stationary Grid 
with invisible line pattern 


means substantially improving the diagnostic qualities 


of your radiographs Focal Distances: 
27 in. 30 in. 36 in. 
by elimination of the adverse effects of secondary radiation 40 in. 48 in. 60/72 in. 


a thus obtaining optimum sharpness and contrast 
by better clean-up through higher ratios 


by better detail perceptibility owing to the not showing of 
disturbing grid lines 


yet allowing for shorter exposures by higher primary beam Grid Cassettes 
transmission standard and 


special sizes 


For information call on your x-ray supply firm 
or. contact 


PHYSICIANS’ TECHNICAL EQUIPMENT. 


Suppliers to the American X-ray Industry oi 
i519 Ww. North Avenue Milwaukee 5, Wisconsin 
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With the patient upright, the spot radiograph re- 
vealed a partial obstruction to the caudal passage of 
Pantopaque at the level of the first thoracic verte- 
bra. The radiopaque column encompasses a dis- 
crete spherical mass, which is a finding suggestive 
of an encapsulated intrathecal lesion. The spinal 
cord is displaced toward the left and compressed by 
the tumor. 


“PANTOPAQUE?” is the registered trademark under which all leading 
x-ray dealers supply the compound ethyl iodophenylundecylate, which is 
synthesized by the Research Laboratories of Eastman Kodak Company 
and prepared as the myelographic contrast medium lophendylate Injec- 
tion, U.S.P., by Lafayette Pharmacal Inc. The trademark serves to indi- 
cate to the radiologist continuity of experience in the manufacture of this 
medium. 
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BRITISH JOURNAL OF RADIOLOGY 


SUPPLEMENT No. 7 


THE MEASUREMENT OF BODY RADIOACTIVITY 


This Supplement consists of the papers which were read at a Conference held on this 
subject at Leeds in the Spring of 1956. It contains accounts of the experimental methods 
available—based both on high-pressure ionization chambers and on scintillation 
counters—and descriptions of the results which have been obtained with them, con- 
tributed by leading world authorities on these matters. Details of observations on the 
radioactivity of a radium worker, during life and after death are also included. This 
Supplement will be invaluable to all radiation workers in that it provides the basic data 


on a subject which is rapidly becoming of the greatest importance. 


Price: Paper covers 25s. (21s. to members) —U.S.A. $4.00 
(Cloth covers 5s. (or 75 cents) extra) 


Obtainable from 
THE BRITISH INSTITUTE OF RADIOLOGY 
32 WELBECK STREET, LONDON Wl 
and from leading booksellers all over the world 


Also available: 
SUPPLEMENT No. 1 
CERTAIN ASPECTS OF THE ACTION OF RADIATION ON LIVING CELLS 
Edited by F. G. SPEAR. Price 16s. 


SUPPLEMENT No. 2 
SOME APPLICATIONS OF NUCLEAR PHYSICS TO MEDICINE 
By W. V. MAYNEORD. Price 35s. 


SUPPLEMENT No. 3 
CARCINOMA OF THE LARYNX 
By F. BACLESSE, with a Statistical Report on cases treated with X rays only, 
by R. W. GUNDERSON. 
Price 25s. 


SUPPLEMENT No. 4 
CANCER OF THE BREAST. A REVIEW 
By D. W. SMITHERS, P. eee ae — G. GALTON and P. M. PAYNE 
rice 22s. 


SUPPLEMENT No. 6 
RECOMMENDATIONS OF THE INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION 
Price 10/6d. 


‘ 
is 
: 
4 


UNIVERSAL. 
AUTOMATIC 
on the SERIOGRAPEH 


@ Twelve individual casettes, each with its &! Portable. Simple installation. No modi- 
own set of screens, for versatile serial fication of your X-Ray equipment required. 


angiography. @ Standard 11 x 14 (or 10 x 12) cut film 
@ Vertical or horizontal operation. and standard film developing procedure. 
the An 8-page brochure on the Model 110 will be sent to you by return mail, if you will write: 


AT TOMATIC SERIOGRHRAYFH CORPORATION 
4910 Calvert Road + College Park « Maryland 
A SUBSIDIARY OF LITTON INDUSTRIES 
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S. KARGER 


BASEL - 


NEW YORK 


International Medical Journals 


1958 


(postage | quency 


All prices per volume, postage included | Volumes incl. 
Acta Anatomica (Int. Archives of Anatomy, Histology, Embryology and | | | 
Cytology) | 32—35 | 18.50| m 
r Acta Genetica et Statistica Medica | 8 | 13.50] q 
| 1 Acta Haematologica (Int. Journal of Haematology) | 19-20 | 13.50 | m 
Acta Psychotherapeutica Psychosomatica et Orthopaedogogica (Int. Jour- | 
nal of Psychotherapy, Psychosomatics, Special Education) 6 | 11.20 | q 
*2 Annales Paediatrici (Int. Review of Pediatrics—Revue Int. de Pediatrie) 190—191 13 .50 m 
*3 Cardiologia (Int. Archives of Cardiology) | 32—33 | 13.50 | 
| Confin‘a Neurologica (Borderland of Neurology) 18 | 13.50 | b 
| Dermatologica (Int. Journal of Dermatology) | 116—117 | 13.50 | m 
Folia Phoniatrica (Int. Journal of Phoniatry) | 10 | 9.25 | q 
Gastroenterologia (Int. Review of Gastroenterology) | 89—90 | 13.50 | m 
Gerontologia (Journal of Experimental Biological and Medical Research 
on Ageing) 13.50 | b 
*4 Gynaecologia (Int. Monthly Review of Obstetrics and Gynecology) 145—146 | 13.50 | m 
International Archives of Allergy and Applied Immunology 12—13 | 13.50| m 
Oncologia (Journal of Cancer Research, Prevention, Treatment and Socio- 
logical Aspect) 11 
*s Ophthalmologica (Int. Journal of Ophthalmology) 135—136 | 13.50 | m 
Phonetica (Int. Journal of Phonetics) 2 9.25 | q 
*6 Practica Oto-Rhino-Laryngologica (Int. Review of Otolaryngology) | 20 13.50 | b 
*7 Psychiatria et Neurologia (Int. Monthly Review of Psychiatry and Neu- | | | 
rology. | 135—136 | 13.50 | m 
Radiologica Clinica (Int. Radiological Review) | 27 | 13.50 | b 
Schweizerische Zeitschrift fur Allgemeine Pathologie und Bakteriologie | | | 
(Swiss Journal of General Pathology and Bacteriology) 21 | 27.00 | b 
*s Schweizerische Zeitschrift fiir Tuberkulose und Pneumonologie (Swiss | | 
Review of Tuberculosis and Pneumonology) 13.50 b 
Urologia Internationalis | 6—7 | 13.50 | m 
Vox Sanguinis (Journal of Blood Transfusion and Immunohaematology) 3 8.40 | b 
ih Confinia Psychiatrica (Grenzgebiete der Psychiatrie—Borderland of Psy- | 
= chiatry—Les Confins de Psychiatrie) 1 | 9.25 | q 
z Vita Humana (Int. Zeitschrift fiir Lebensalterforschung—Int. Journal of 
Human Development—Journal Int. de Développement Humain) 1 9.25 | 4q 


Complete sets and single back volumes available. Offers upon request. 


m=monthly, b=bimonthly, q= quarterly. 


——> * For Supplements to these Journals see opposite (special rate for subscribers). <——— 


XXVili 


a 
| 
— | 
| 
| 
| 
| 
| 
j 
| 
| 
— | 
| 
| 


Supplements to our Journals supplied to 
subscribers at special rate 


Please order each series separately. 
Invoices will be forwarded with each volume upon publication. 


f 
Special folders of each series available | 
| publication 
1 Bibliotheca Haematologica | 3vols. | US$10.00 
2 Bibliotheca Paediatrica | See | > Cee 
Modern Problems in Pediatrics 1 vol. po 
3 Bibliotheca Cardiologica | §.00 
Advances in Cardiology | 1 vol. 
4 Bibliotheca Gynaecologica 1 vol. 
Advances in Gynecology | 2vols. | ” 4.00 
5 Bibliotheca Ophthalmologica | 3vols. | * 4.00 
Advances in Ophthalmology | 
Modern Problems in Ophthalmology | 1 vol. ” 9.00 
6 Bibliotheca Oto-Rhino-Laryngologica | 1 vol. * 
Advances in Otolaryngology ” 9.00 
7 Bibliotheca Psychiatrica et Neurologica 3 vols. ” 4.00 
8 Bibliotheca Tuberculosea 1 vol. ” 6.00 
Advances in Tuberculosis Research | vol. ” 9.00 
Series not connected with any Journal 
Progress in Allergy 1 vol. every | ” 45.00 
| 2years | 
Reconstruction Surgery and Traumatology 1 vol. | *. S368 
| annually | 
Antibiotica et Chemotherapia lvol, | ” 9.00 
| annually 
NEW: Advances in Virology ivol. | ” 9.00 
annually 


FIRST INTERNATIONAL CONGRESS OF HUMAN GENETICS. Copenhagen 
1956. Edited by T. Kemp, M. Hauge and E. Harvald. XVI+970 p., 161 
fig., 1957. (Published in “Acta Genetica et Statistica Medica” Vol. 6, No. 
2-4 and Vol. 7, No. 1-2) US$33 .85 


INTERNATIONAL CONGRESS OF GASTROENTEROLOGY. London 1956. 
XX+634 p., 217 fig., 1 col. plate, 1957. (Published in “Gastroenterologia” 
Vol. 86, No. 3-5) US$18.70 


INTERNATIONAL SOCIETY OF BLOOD TRANSFUSION. 6th Congress in Boston 
1956. Edited by L. Hollander, Basel. XVI+-516 p., 112 fig., 1957. (Pub- 
lished as “Bibliotheca Haematologica” fasc. 7) US$15.00 


EUROPEAN SOCIETY OF HAEMATOLOGY. 6th Congress in Copenhagen 1957. 
Will be published in “Acta Haematologica” in 1958. 


Place your order either with us direct or with your local agent 


or with Albert J. Phiebig, P.O. Box 352, White Plains, N.Y. 


BASEL 11 (Switzerland) S. KARGER NEW YORK 
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Highly accurate dose and dose-rate 
measurement 


OVER AN EXTREMELY WIDE RANGE 


The Baldwin IONEX Ionisation Meter is a 
precision D.C. amplifier for measuring dose 
and dose-rate of ionising radiations over a 
very wide range of energy and intensity. A 
0.6 cc. thimble chamber is attached to the end 
of a flexible cable to measure dose distribu- 
tion, depth dose, half value thickness, and to 
calibrate other instruments. 
For measuring soft X-rays, alpha and beta 
radiation, radiographic exposures, and for 
checking contamination, a nominal 600 cc. 
chamber is used. A recorder can be fitted 
where required. 
Write now for Leaflet G8-118 which gives 
complete easy-to-read informatien. 
The Baldwin IONEX 
Ionisation Meter 
measures DOSE from 
300pr-1000r, and 
DOSE RATE from 
30pr/min.-1000r/min. 
BALDWIN INSTRUMENT COMPANY LIMITED 
DARTFORD . KENT . DARTFORD 2948 


One of the Harper Group of Companies 


B4! 


THE CURV-X CASSETTE 


Accurate Discharge of 
Radiochemical Liquids... 


HAMILTON MINIATURE 
DELIVERY SYRINGES 


Now, accurate liquid discharges 
may be made in the range of 
0.10 to 0.001 cc by direct read- 
ing with Hamilton Miniature 
Delivery Syringes. Here are im- 
portant Hamilton Miniature 
Syringe features: 

* 0.05 cc and 0.10 cc models 

* Tested for leakage at 

150 psi 

* Precision bore glass 

* Stainless steel plungers 

* Glass body shields P,, 
Also available with concentric 
cemented needles 
Order direct, or write for litera- 
ture and prices today! 


THE HAMILTON COMPANY 


1134 Whitley Street Whittier, California 
Dept. A 


A Complete Line of Shielded Syringes 
for Injection of Isotopes 


CAMPBELL X-RAY CORP.—Boston 15, Mass. 
Or Your Dealer 
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SC — 32 AMPLISCALER 
. «. designed for proportional and/or 
scintillation counting. 


SC — 19 UTILITY SCALER | 
low priced leader for Geiger counting. 


Starting 10 years ago with the Autoscaler, 
the first all-electronic scaler, Tracerlab 
has kept pace with the demands of ra- 
diation developments and today offers 
the most versatile and complete line . 


For full details and prices write for Catalog E. 


. . . first all-electronic laboratory scaler “ ” 
for automatic counting, either binary or decade. SC — 33A “1000” SCALER 


. . . the standard scaler for scintillation counting. 


Tracerlab 


1601 Trapelo Road, Waltham, Mass. 
2030 Wright Avenue, Richmond, California 


Offices in principal cities throughout the world. 


SC — 18A SUPERSCALER 
. . . first scaler with pre-set time 
and pre-set count features and 

versatile plug-in units. 


— 13 RESEARCH SCALER 
+ + « latest development, 
complete with time count automatic read out system. 
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YOU CAN ACQUIRE VALUABLE BACK VOLUMES 


AND SINGLE ISSUES OF THE PUBLICATIONS OF 
The American Roentgen Ray Society 


4 


A limited quantity of the issues available are listed below. Orders are subject to the exhaustion of 
available stock. This offer is subject to withdrawal without notice. NOTE: For your convenience, the same 


price—$1.50 per copy—applies to all issues—no quantity discount. July 1956 
Order BACK ISSUES of the Journal from: 


CHARLES C THOMAS © PUBLISHER 301-327 East Lawrence Avene SPRINGFIELD @ ILLINOIS 


American Quarterly of Roentgenology: 1906-1913 


Vol. 2, No. 1, Dec. 1909 Vol. 3, No. 4, March 1912 
Vol. 2, No, 2, March 1910 Vol. 4, No. 1, Aug. 1912 
Vol. 3, No. 2, July 1911 Vol. 4, No. 3, Feb. 1913 
Vol. 3, No. 3, Dec. 1911 Vol. 5, No. 1, Sept. 1913 

The American Journal of Roentgenology: 1914-1922 
Vol. 2, Nos. 11-12 (1915) one issue Vol. 6, Nos. 1, 2, 3, 4, 5, 6, 7, 8, 10, 12 (1919) 
Vol. 3, Nos. 3, 5, 6, 7, 8, 10 (1916) Vol. 7, Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 12 (1920) 
Vol. 4, Nos. 9, 11, 12 (1917) Vol. 8, Nos. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 (1921) 
Vol. 5, Nos. 2, 3, 4, 6, 7, 8, 10, 11, 12 (1918) Vol. 9, Nos. 1-12 inclusive (1922) 


The American Journal of Roentgenology and Radium Therapy: 1923-1929 


. 10, Nos. 5, 6, 7, 8, 9, 10, 11, 12 (1923) 
. 11, Nos. 1-6 Inclusive (Jan.-June 1924) 
. 12, Nos. 1-6 Inclusive (July-Dec. 1924) 
. 13, Nos. 1, 2, 3, 5, 6 (1925) 

. 14, Nos. 1-6 Inclusive (July-Dec. 1925) 
. 15, Nos. 1-6 Inclusive (Jan.-June 1926) 
. 16, Nos. 1-6 Inclusive (July-Dec. 1926) 


Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 


17, Nos, 
18, Nos. 
19, Nos. 
20, Nos. 
21, Nos. 
22, Nos. 


1, 2 (1927) 

5, 6 (1927) 

4, 6 (1928) 

5, 6 (1928) 

5, 6 (1929) 

1-6 Inclusive (July-Dec. 1929) 


3, 4, 
1, 3, 
4, 
3, 4, 


The American Journal of Roentgenology and Radium Therapy: 1930-1951 


. 23, Nos. 1-6 Inclusive (Jan.-June 1930) 
. 24, Nos. 1-6 Inclusive (July-Dec. 1930) 
. 25, Nos. 1-6 Inclusive (Jan.-June 1931) 
. 26, Nos. 1-6 Inclusive (July-Dec. 1931) 
. 27, Nos. 1-6 Inclusive (Jan.-June 1932) 
. 28, Nos. 1-6 Inclusive (July-Dec. 1932) 
. 29, Nos. 1-6 Inclusive (Jan.-June 1933) 
. 30, Nos. 1-6 Inclusive (July-Dec. 1933) 
. 31, Nos. 1-6 Inclusive (Jan.-June 1934) 
. 32, Nos. 1-6 Inclusive (July-Dec. 1934) 
. 33, Nos. 1-6 Inclusive (Jan.-June 1935) 
. 34, Nos. 1-6 Inclusive (July-Dec. 1935) 
. 35, Nos. 1-6 Inclusive (Jan.-June 1936) 
. 36, Nos. 1-6 Inclusive (July-Dec. 1936) 
. 37, Nos. 1-6 Inclusive (Jan.-June 1937) 
. 38, Nos. 1, 2, 3, 6 (1937) 

. 39, Nos. 1-6 Inclusive (Jan.-June 1938) 
. 40, Nos. 1-6 Inclusive (July-Dec. 1938) 
. 41, Nos. 3, 4, 5, 6 (1939) 

. 42, Nos. 2, 3, 4, 5, 6 (Aug.-Dec. 1939) 
. 43, Nos. 2, 3, 4, 5, 6 (1940) 

. 44, Nos. 1-6 Inclusive (July-Dec. 1940) 
. 45, No. 3 (1941) 

. 46, No. 6 (1941) 

. 47, Nos. 1-6 Inclusive (Jan.-June 1942) 
. 48, Nos. 1-6 Inclusive (July-Dec. 1942) 


49, Nos. 2, 3, 4, 6 (1943) 
51, Nos. 4, 5, 6 (1944) 


Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Voi. 
Vol. 


The American Journal of Roentgenology, 


Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 
Vol. 


52, No. 2 (1944) 
53, No. 4 (1945) 


54, Nos. 
55, Nos. 
56, Nos. 
57, Nos. 
58, Nos. 
59, Nos. 
60, Nos. 


1, 2, 3, 4, 5, 6 (1945) 

5, 6 (1946) 

1-6 Inclusive (July-Dec. 1946) 
3, 4, 5, 6 (1947) 

1-6 Inclusive (July-Dec. 1947) 
2, 3, 4, 5, 6 (1948) 

1-6 Inclusive (July-Dec. 1948) 


61, No. 3 (1949) 


62, Nos. 


2, 4, 5, 6 (1949) 


63, No. 1 (1950) 


64, Nos. 
65, Nos. 
66, Nos. 


1-6 Inclusive (July-Dec. 1950) 
1-6 Inclusive (Jan.-June 1951) 
1-6 Inclusive (July-Dec. 1951) 


Radium Therapy and Nuclear 
Medicine: 1952-1955 


67, Nos. 
68, Nos. 
69, Nos. 
70, Nos. 
71, Nos. 
72, Nos. 
72, Nos. 
74, Nos. 


1-6 Inclusive (Jan.-June 1952) 
1-6 Inclusive (July-Dec. 1952) 
1-6 Inclusive (Jan.-June 1953) 
1-6 Inclusive (July-Dec. 1953) 
1-6 Inclusive (Jan.-June 1954) 
1-6 Inclusive (July-Dec. 1954) 
1-6 Inclusive (Jan.-June 1955) 
1-6 Inclusive (July-Dec. 1955) 
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‘close-up” 


PYELOGRAPHY, Neo-lovax consistently produces the clear 
unusually hig Urinary concent ion, Neo-l prov: oe 
HIGH IN SAFETY because of the meticulous: ‘used in its man- 
= ufacture and be ‘its: stability. Neo-Lopax is still a 
and relativ y nonirr ting to the ur nt 


“double takes” 


hidney 
jue material 


gallbladder 


ecystoec rams 


2. Skin draped. Saber incision outlined at dcleahdan: 


3. Acromion denuded of cartilage. Shoulder capsule opened. 


SHOULDER ARTHRODESIS: 4. Acromial process of the scapula osteotomized. 
1. Radiograph (A-P view). Shoulder prior to surgery. Note Turn page for other color illustrations of surgery. 
atrophy of muscle and soft tissue, and relaxation of joint. 


Why it is so important— 
and so easy — to illustrate significant cases 
with radiographs and photographs. . . 


"Toke the shoulder arthrodesis shown here. 

Important to have visual material like this? Yes, because with it the 
physician is ready for discussions with associates, for lectures and 
demonstrations to students... ready, too, to illustrate medical papers 


or scientific exhibits. 
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Easy to illustrate cases with radiographs and 
photographs ? 

Yes, radiographs are a matter of course— 
available at the start of each case; in planning 
the surgery shown here. the radiologist and 
surgeon studied dozens of them. 


And the staff wanted color photographs to 
illustrate each phase of the procedure. 


For Radiography: Kodak Royal Blue X-ray 
Film and Kodak x-ray processing chemicals 
meet the most exacting requirements. They are 
always dependable—uniform. Quality-controlled 
—rigidly tested—they are made to work together, 


For Color Photography: Kodachrome Films 
for miniature and motion-picture cameras; Kodak 
Ektachrome Films and Kodak Ektacolor Films 
for sheet-film cameras; Kodak Ektachrome Films 
for roll-film and miniature cameras; Kodacolor 
Films for roll-film cameras and cameras accept- 
ing No. 828 film. Kodak color print materials 
are also available. 


Order x-ray products from your x-ray dealer, 
photographic products from your 
photographic dealer. 


EASTMAN KODAK COMPANY 


> Medical Division 
ak % Rochester 4, N. Y. 


‘ 

5. In succession: Flap is osteotomized in head of humerus; “i 
cartilage is denuded from head of humerus, which is joined : 
to acromial process. 4 


7. Cuff of shoulder capsule reefed to scapula. 


8. Wound closed and prefitted cast applied. 


| 
— 6. Acromial process now in head of humerus. 4 
— 
ADE MARE 


Edited by George Carl de Hevesy, 
Arne Gunnar Forssberg, and John D. 
Abbatt. 


This book represents a collection of 
the very NEWEST concepts as dis- 
cussed by scientists EXPERIENCED 
IN A WIDE RANGE OF SCIEN- 
TIFIC DISCIPLINES 

Discussions fall into these PRIMARY 
CATEGORIES: 

e Initial or primary chemical effects of irra- 

diation 


e Biochemical irradiation effects on enzymes 


and other cellular constituents 


e Physiological and morphological irradia- 


tion changes 


e Alpha particle irradiation of single cells 


e Modification of systemic irradiation effects 
e The time factor in radiology 


e Studies on the distribution of isotopes in 
tissues 


e Irradiation effects on the haemopoietic 
system 


e Radiation genetics 


Great strides have been made in radiobiology 
in the intervening year since the Fourth In- 
ternational Conference. Of OUTSTANDING 
IMPORTANCE was the discovery that 


TRANSPLANTATION OF ACTUAL CELLS 
OF BONE MARROW OR_ SPLEEN 
ALLOWS GOOD RECOVERY IN ANI- 
MALS AFTER WHAT WOULD HAVE 
BEEN A LETHAL DOSE OF IRRADIA- 
TION. 


518 pages (64% x 934) 120 illustrations 
Published fall 1957 Sent on approval, $15.50 


CHARLES C THOMAS «¢ PUBLISHER 301-327 East Lawrence Avenue SPRINGFIELD « ILLINOIS 
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shows the rapid progress beimg 
ADV ANCES \N 
; 
proceeding of the Fifth 
internation Conferen® on 
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YOU HAVE ONLY ONE PAIR 


Insist upon leaded leather 
IT CANNOT CRACK 


Order from your dealer, or: 


LIBERTY PROTECTIVE LEATHERS, Inc. 
17-29 Burr Street 
Gloversville, New York 


PHYSICIST—SENIOR STAFF POSITION 


Primary responsibility to supervise routine isotope labo- 
ratory and some resident training. Research is encouraged 
and supported. Desire experience in clinical uses of radio- 
isotopes. PhD. preferred, not essential. Salary dependent 
upon For application or further informa- 
tion, De ease write 
Dr. J. S. Laughlin 

Department of Physics 

Memorial Center for Cancer and Allied Diseases 

444 East 68th Street, New York 21, New York 


NOW YOU CAN ADD A FILE 
BUILD—BUILD—BUILD—WITH THE 
HANLEY ECONOMY 14x17 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


5 COMPARTMENT SIZE—DIVIDERS 14 x oe. 00 
3 COMPARTMENT SIZE—DIVIDERS 14 x 17 ............ 
PHOTO ROENTGEN CABINET FOR CHEST FILMS 4 x 10 
APPROVAL GUARANTEED—F.0.B. FACTORY IN 


CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis {f, Mo. 


In reply to advertisers please mention that you 
saw their advertisement in THE AMERICAN 
JOURNAL OF ROENTGENOLOGY, RADIUM 
THERAPY AND NUCLEAR MEDICINE. 
CHARLES C THOMAS - PUBLISHER 
Springfield - Illinois 


THE MOST EXPERIENCED 
FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
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MOVEMENT OF THE HEART 
AND BLOOD IN ANIMALS 


By 
WILLIAM HARVEY 


Translated from the original Latin by 
Kenneth Franklin 


A new translation of Harvey’s DE MOTU CORDIS pre- 
pared especially on behalf of the Royal College of Physi 
cians as a mark of the Tercentenary of Harvey's death. 


Included in the illustrations is a colored frontispiece 
which is a reproduction of a portrait of Harvey in 
possession of the Royal College of Physicians—also a 
reproduction of one of Harvey’s original diagrams illus- 
trating the veins of the arm. 


“Dr. Franklin is especially well qualified for this task 
since he is a rare trinity of a man—a physiologist, an 
historian and a competent Latinist. His version of 
Harvey on the circulation is therefore the kind of work 
to be expected of a scholar of his attainments. It may 
in fact be said that the Franklin edition of Harvey is 
the definitive English test for the 20th Century.’’-—Armed 
Forces Institute of Pathology 


222 pages (512 x 812) Sent on approval, $3.50 
Published fall 1957 
CHARLES C THOMAS e¢ PUBLISHER 


301-327 East Lawrence Avenue 
Springfield, Illinois 


Established 1925 ane 


An Authorized Binding 
for 
THE AMERICAN JOURNAL OF 
ROENTGENOLOGY 
RADIUM THERAPY AND 
NUCLEAR MEDICINE 


Arrangements have been made for subscribers to 
have their journals bound into distinctively de- 
signed books. 


Six issues, January through June or July through 
December, bound in best grade garnet washable 
buckram imprinted with your name on cover, cost 
but $4.15 per volume. 


Bound journals serve as an immediate reference 
for research and information. Properly displayed, 
they create a psychological impact on the patient, 
implying the time and effort spent to keep up-to- 
date on the most modern techniques and treatment. 


Ship journals parcel post. Within thirty days after 
receipt, bound volumes will be shipped prepaid 
anywhere in the U.S.A. Full remittance must ac- 
company order. 


PUBLISHERS’ AUTHORIZED 
BINDERY SERVICE 


(Binders of all Journals) 
5811 W. Division Street, Chicago 51, Illinois 
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Antibiotiea et Chemotherapia 


Advances 
Edited by 


H. BLOCH, Pittsburgh 0. GSELL, Basel E. LANGER, Berlin 
VOL. 1 X + 378 p., 113 fig., 1954. US $12.50 
VOL. 2 VI + 300 p., 21 fig., 1955. US $9.60 
VOL. 3 VIII + 398 p., 45 fig., 1956. US $13.45 
VOL. 4 has just been published 


From the Contents of Volumes 1-3 
H. SELYE, Montreal: The Stress-Concept as it Presents Itself in 1956. 


W. P. LONGMIRE, Jr., and S. W. SMITH, Los Angeles, Calif.: The Surgical Use of 
Presently Available Antibiotics. 


R. L. MAYER and P. C. EISMAN, Summit, N.J.: Chemotherapeutic Relationships be- 
tween Fungi and Mycobacteria. 


P. KALLOS und L. KALLOS-DEFFNER, Halsingborg: Allergie und Antibiotica. 

P. RENTCHNICK, Genéve: L’évolution clinique et thérapeutique des staphylococcies. 
S. HELANDER, Stockholm: Sulfonamide Combinations. 

E. ROSSI, Ziirich: Antibiotica in der Padiatrie. 

P. RENTCHNICK, Genéve: Les accidents provoqués par les antibiotiques. 


T. WEGMANN, Ziirich: Pilzerkrankungen der inneren Organe als Folge von Be- 
handlung mit Antibiotica, unter besonderer Beriicksichtigung des Respira- 
tionstraktes. 


H. BARTELHEIMER und W. ENGERT, Berlin: Die Behandlung der Endocarditis 


lenta mit Antibiotica. 
V. PIRILA, Helsinki: Cutaneous and Serologic Tests in Allergy to Antibiotics. 


H. BEERMAN and J. EDEIKEN, Philadelphia: The Penicillin Treatment of Cardio- 
vascular Syphilis. 


M. WELSCH, Liége: La résistance bactérienne aux antibiotiques. Aspects biologiques. 


O. GSELL, Basel: Klinische Probleme der Antibiotica-Therapie. 


BASEL 11 (Switzerland) S. KARGER NEW YORK 
For U.S.A.: Albert J. Phiebig, P.O. Box 352, White Plains, N.Y. 
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INTRODUCING THE 


COBALT 60 TELETHERAPY UNIT 


The ELDORADO "G” has been designed to meet the 
increasing demand for a Cobalt 60 teletherapy unit providing 
full flexibility of beam angulation and a wide range of 
treatment distances for both fixed beam and multi-portal 
applications. 

The compact sourcehead permits the use of short source 
to skin distances and corresponding very high dose rates. 
Efficient tungsten alloy shielding allows the use of highly 
active sources, maintaining satisfactory output rates for 
efficient operation at medium or longer treatment distances. 


Full freedom of motion in all directions, plus a high degree of 
positioning accuracy, ensures maximum efficiency in clinical operation. 


for complete details on this HIGHLY FLEXIBLE COBALT UNIT please write to 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. Box 33 * OTTAWA, Canada 
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G-E Veri-O-Pake’ 
Stays in 
uniform suspension 


TT} 


MIX ANY CONSISTENCY— 


even get “air contrast” results 


G-E Veri-O-Pake is an outstanding contrast 
medium for stomach, esophagus and colon 
examinations. It offers outstanding visualiza- 
tion, ease of administration and normal evacu- 
ation — p/us unmatched versatility. 

Veri-O-Pake can be mixed with water to any 
consistency. Thick, if you prefer . . . or thin 
enough to produce an image so transparent it 
almost resembles an air contrast study. 


What's more, this barium mixture stays in 
uniform suspension as it travels . . . makes it 
possible to use a thin mixture successfully. Veri- 
O-Pake is available in 5-, 25-, 100- and 250- 
pound containers. 

Get full details from your G-E x-ray repre- 
sentative. Or write X-Ray Department, General 
Electric Company, Milwaukee 1, Wisconsin, 
for Pub. A-126. 


Progress /s Our Most Important Prodvet 


GENERAL ELECTRIC 


¥ 


ICKER X-RAY 


